
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



- REESE LIBRARY ■ 

OF 1 it). 

UNIVERSITY OF CALIFORNIA. 

-^•iacssioiis No. v>(o\?(pC . C7<7.« No. 



Digitized byCjOOQlC 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC j 

i 



WATER METER MANUAL. 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



THE 



Water Meter: 

Its Difficulties, Types and Applications. 



A MANUAL 

OF 

Reference and Fact in Connection with the Supply 
OF Water by Meter, 



WALTER G. KENT. 



TJlTIVERsiTTj 

London: E. & F. N. SPON, 125, Strand. 
New York: 12, Cortlandt Street. 

1893. 



Digitized by VjOOQ IC 






Cc s%o 



Digitized by VjOOQ IC 




INDEX 



CHAPTER I. 

WATER METERS AS THEY SHOULD BE AND AS THEY ARE. 

PAGB 

Water-HeteF Patents ; Their number ; extreme proportion of 

failures; cause of failure 1,2 

The Ideal Meter and its characteristics 2 

Difflcnlt conditions encountered by Water Meters:— 

Hard waters. — Attack copper alloys .... 3 

Growth on metal. — "Delta "metal .... 4 

Soft waters. — Oxide.— Qjfiii^e resistants. — Silica enamel . 5 

Other difficulties ; great range of flow and of pressure . 6 

High velocity flows without counter head ... 6 

Friction. — Water hammer. — Pulsating pressure . . 6, 7 

Low pressures and small flows 7 

Types of Water Meters 8 

Distinguishing characteristics of the two great branches . 9 
Positive Reciprooating-Piston Meters 9 

Single cylinder reciprocating- piston meters ... 9 

Valves actuated by auxiliary means 10 

Double-cylinder reciprocating-piston meters ... 10 
Mechanical (unpacked) pistons. . . , . .11 
"Short-stroking." Cylinders of equal diameter. Cylinders 

of unequal diameter 1 1 

General features of reciprocating-piston meters , . .12 

Positive Rotary-Piston Meters 13 

General featureSMjf rotary-piston meters .... 14 
The " Nutating " Meter 14 

Diaphragm Meters 16 

Low-pressure Meter. — As originally constructed.— Its modem 

outcome. — Another low-pressure meter . . I7j 18 
General features of low-pressure meters . . . .19 

Inferential or velocity Meters 19 

Fan 19 

Turbine 20 

General features of inferential meters .... 20 

E£fect of deterioration in positive and inferential meters com- 
pared ......... 21 



Digitized by VjOOQ IC 



VI. INDEX. 

PAGE 

Ufaste-Water Meters. — A special waste- water meter 22, 23 

General features of waste-water meters . . . '23 

V ater-Heter Registering Gear 25 

The difficulty of making it easy working and durable . 25 
The reducing gear of imerential meters ; — of reciprocating- 
piston meters. — Various arrangements of reducing gear, 
and the materials most suitable for use therein . . 26 

The Dials of Counters 27 

Counter-reading and its difficulties 2S 



CHAPTER II. 

WATER-METER PRACTICE AT HOME AND ABROAD. 

Type of meter most in vogue varies greatly in different 

countries 29 

Germany and Austria. — Belgium. — Holland. — France. — 
Russia. — Italy. — Portugal. — Spain. — England. — 

America 29, 30 

Contrast between American and Austro-German practice . 3a 
Large consumption per head in the United States . . 30 
Registration of small flows not much regarded by 

Americans at present 30 

Registration of fine flows a necessity in England . . 31 
Change in meter practice in England . . . .31 



CHAPTER III. 

THE PURPOSES FOR WHICH METERS ARE REQUIRED, AND THE 

RESPECTIVE INSTRUMENTS WHICH ARE BEST ADAPTED 

THERETO. 

The three chief divisions of purposes for which meters are 

employed 32 

No one meter at present adequately meets all purposes, 

but there exists an efficient meter for each purpose . 32 

The meter best adapted to each case should be chosen . 32 

This course not always followed at present ... 32 

Selection of type of meter 33 

Different points of view as to the comparative advantage of 

various types 33 

Salient points of certain types of meters .... 35 



Digitized by VjOOQ IC 



INDEX. VII. 

PAGE 

The Classification of mnnicipal pnrpoBes ; of trade purposes; 

of domestic purposes 35> 36 

Municipal purposes 36 

Trunk mains 36 

The meter most suitable for use on trunk mains . . 37 
Detection of waste by the waste- water meter. — Economy 
effected thereby. — Results attained by use of waste- 
water meters 37 

Road watering. The meter best suited thereto 39 

Urinals „ „ „ 39 

Public baths ,, „ ,, 40- 

Swimming baths only ,, ,, „ 40 

Public buildings, &c. ,, ,, „ 40 

Fire hydrants on bye-passes .41 

Drinking fountains, water troughs, etc; The meter best 

suited thereto 41 

Public gardens, etc. The meter best suited thereto 42 

Ornamental fountains ,, ,, ,, 42 

Flushing drains ,, ,, ,, 42' 

Trade purposes in general necessitate use of large quantities of 

water. The meter best suited thereto ... 43 

Small quantities taken at high velocities and used immedi- 
ately, e,g.^ Ship-supply. The meter best suited 
thereto 4j 

Small flows constantly running. — Possibly varied by larger 

flows. The meter best suited thereto ... 44 

Other conditions of supply for trade purposes. The meter 

best suited thereto 44 

Supply of feed water to boilers direct by utilising effective 

head. The meter best suited thereto ... 45 

yarious conditions of " mixed " supply .46 

Mixed supply should be entirely by meter ... 46 

Domestic purposes :— 

Three conditions of supply ; constant supply with cisterns ; 
constant supply without cisterns ; intermittent 
supply 47 

Advantages of cisterns. —Disadvantages of cisterns. — 

Cleansing of cisterns. 47* 4S 

Constant supply with cisterns. — Rate of flow at various 
times 01 the day, — Experiment showing average con- 
sumption per hour 4S> 49 

The meter best suited to measure constant supply into 

cisterns 51 

Importance of registering the finest flows ... 52 

Sanitary minimum 53; 

Constant supply Without cisterns. The meter best suited 

thereto ► 53 

Intermittent supply. The meter best suited thereto . . 54 

Summary of purposes and most suitable types of Meter 54 



Digitized by VjOOQ IC 



VIII. INDEX. 

CHAPTER IV. 

THE PRICES AND THE VALUES OF WATER-METERS. 

PAGE 

The true measure of price gauged by three considerations . 56 

The Meter must be suited to the work .... 56 

Delivering capacity, and not nominal size, criterion of first cost 57 

Insufficient data as to delivering capacity given by makers 58 

Tests made to supply above deficiency. — Tabulated results 

of tests 58 

Comparative price-value of positive and inferential meters 59 

Suitability for purpose paramount to price-value . . 60 
Positive meters have greater delivering capacity than 

inferential meters 60 

Cost of Maintenance .61 

Importance of reducing it to the lowest possible. — Variation 

of cost of maintenance 61,62 

Summary of {he measure of price -63 



CHAPTER V. 

THE DELIVERING CAPACITY OF METERS. 

A method of determining the size of instrument required . 64 

Table I. — Free delivery of the Kent meter .... 65 

Absorption of head by pipe-friction 66 

Bends and elbows 66 

Table II. — Loss of head through friction in pipes of various 

, diameters - ^7 

Variations from nominal size of pipes .... 67 
Absorption of head by stop-cocks, stop-ferrules and screw- 
down valves (& 

Table III. — Rates of flow corresponding to higher and lower 

heads 69 

Example demonstrating use of tables and rules . . 70 



CHAPTER VI. 

HINTS AS TO SELECTING, FIXING, AND MAINTAINING 
WATER-METERS. 

Selecting 72 

Fixing 72 

Maintaining 73 

Reading 73 

Periodical examination. — Table 73 

Maintenance by contract 74 

Testing. Testing apparatus 74 



Digitized by VjOOQ IC 



INDEX. 



IX. 



CHAPTER VII. 

WATER-METER REGULATIONS, RENTS AND CHARGES. 

PAGI 

Rejnlations 7; 

Provision and fixing of meter 7; 

Accidents 

Damage 7; 

Meter Rentals.— Table 7'. 

Repairs 78 

Notice as to discontinuing supply 78 

Access 78 

Removal of meter 78 

Mal-registration 78 

Testing at consumer's request 78 

Connections of meter 78 

Sliding scale of charges 79 

Hinimnm charges for water by meter for trade purposes . 
Suggested minimum charges for water by meter.— Table . 

Table of Prices charged per ioc» gallons at various towns for 
water by meter for Irade Purposes^ .... 
Waterworks and corresponding charges at each for water 

supplied for Domestic Purposes .... 82 

Meter-readers 83 



79 
80 



81 



CHAPTER VIII. 

SHOULD THE WATER-METER BE OWNED BY THE SUPPLIER 
OR BY THE CONSUMER? 



Meters should be owned by supplier . 
Meters form part of plant of waterworks 
Consumer not prejudiced by this 
Meter is supplier's ledger . 
Meters out of repair always under-register. 
If consumer owns meter constant disputes 
Where tried found unprofitable 
Advantages of ownership by supplier 
Meter-freaks 



involved 



84 

84 

85 
S6 

86 

87 



•CHAPTER IX. 

THE ECONOMICS OF WATER SUPPLY CONSIDERED IN 
RELATION TO THE METHOD OF PAYMENT. 

Water Meters vtrsus Water Rates 89 

Water-supply of London and other towns becoming 

insufficient 89 

Economical means of meeting the difficulty ... 89 



Digitized by VjOOQ IC 



INDEX. 

PAGE 

Prevention of waste 89 

Payment by quantity only efficient method ... 90 

Main principle 90 

Payment should be for value received, i.e., by quantity . 91 

The advantages of meter-supply have been proved practically 91 
Evils of rating-system — ^Arbitrary ; unjust ; wasteful 91, 92 

Example of waste 92 

Much of the consumption practically unpaid for . . 92 
On the other hand, many consumers obtain a very poor 

return for their money 93 

Example of overpayment 93 

In England, the consumer; in America, the supplier, 

demands meter system 94 

Cause and effect of metering in America • ... 95 
Possible causes of difference of opinion between American 

and English engineers 95 

Advantages to the consumer of meter supply ... 96 

Advantages to the supplier 96 

Water-waste in London necessitating additional supplies . 97 

The Liverpool water-supply 98 

Estimate of water -waste in America .... 99 
Meters superseding rates in Continental capitals . . 99 
The use of meters by the London Hydraulic Power Com- 
pany 99 

Estimated cost of bringing new supply to London . 100 

Adoption of meter-supply advisable instead . 100 

Probable effect and saving if this were done . . 100 

Effect on sanitation 100 

The poor 100 

Sanitary minimum 10 1 

In London and other large towns in England adoption of 

sliding scale for the poorest classes advocated . .102 

Reason for reducing price to poor 102 

Sliding-scale benefits rich as well as poor . . .102 

In foreign towns no sliding scale. —Reason of this . .102 

Cost of measuring machine 103 

Meter-rent 103 

Sliding-scale should be extended to meter-rent, and one 

payment should cover both cost of water and of meter 103 

Practical illustration of sliding-scale 104 

Table giving comparison of systems 105 

Cost of metering present supplies 107 

Length of time before new supply available . 108 
Meters at once provide further available supplies . .108 

Cost of fresh supplies 109 

Comparison of respective costs no 

Need for economising all supplies in view of great growth 

of population no 

The town of Flushing, U.S.A., under rating system; 

under meter system in 

Results of metering at Flushing, U.S. A 112 



Digitized by VjOOQ IC 



INDEX. XI. 

PAGE 

Table showing economy effected through the adoption of 

the meter system at the Flushing waterworks,. U.S. A. 113 

Hoboken, U.S. A 113 

Consumption under rating system 114 

Saving effected by metering 114 

Tables. — Comparison of receipts under rating and under 

meter systems at Hoboken, U.S. A . . . .115 
Results of metering at Hoboken, U.S.A. . . -117 

Town of Atlanta, U.S.A. — Benefits derived by substitution 

of metering in lieu of rating system . . . .120 
Summary 120 



Illustration 60A 

Sketch, showing arrangements used in making the tests 
given on page 60. 

Illustration 76A 

Sketch, showing water meter testing room fittings, suitable 
for waterworks* use. 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 




INTRODUCTION. 



The object of these few pages is to furnish, for the 
use of water engineers and others, a means of ready 
reference to the theory and practice of " metering." In 
endeavouring to attain this end, it has been the aim 
of the writer — not, to attempt to advance any startling 
hypotheses, but — to collate, comment on, and compare 
within a brief compass the ascertained facts of this 
important, though veritably hydra-headed, subject. 

In order to achieve this object, it is proposed in the first 
place to consider what is required of a meter that it 
may efficiently discharge all its functions, then to examine 
the various types of meter now obtainable, and to deter- 
mine how far each one goes towards meeting those 
requirements. 

The next step will be to discuss the conditions incidental 
to the divers purposes for which these instruments are 
used, and lastly to suggest as impartially as possible the 
particular types of meter which best fulfil them. 

It is not intended to give any very technical f ormulse, or 
diagrams of loss of head, accuracy, etc., as such laboratory 
productions are of little worth as regards the end in view, 
whereas a short review of the broad lines of actual fact. 
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XIV. INTRODUCTION. 

eliminated by experience, will, it is hoped, prove of real 
service. The economics of supplj by meter versus supply 
by rate will be dealt with, chiefly by the aid of pertinent 
statistics. 

It is particularly hoped that this little book may prove 
of service to those who, without previous deliberate study 
of the art of metering, may happen to be placed in 
charge of waterworks or water-distribution, and who 
may have to select meters for certain of the varied 
purposes to which they are applied. 

The author acknowledges with no little pleasure and 
gratitude the valuable and ready help extended to him by 
many water engineers, of both London and the provinces, 
in supplying various facts and data used herein. As 
regards the rest, he has striven earnestly to present 
accurate facts, deductions and conclusions; still, the 
following pages contain matter that is of necessity 
controversial, and that does not claim to be more than 
a personal expression of the opinions of the author — a 
meter manufacturer. Whether his conclusions are well 
founded the reader will judge. 
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(university) 

The Water Meter: 

Its Difficulties, Types and Applications. 



CHAPTER I. 

WATEB MBTBBS AS THEY SHOULD BE AND AS THEY ABE. 



Patents; 



Their wimber; 



The Ideal Meter has been said to be the ignii fatuua of 
Waterworks' Engineers. 

The records of the English Patent Office offer con- water-meter 
vincing evidence that this is by no means an idle assertion, 
for if all the water-meter patents they contain be counted, 
beginning with that of Crossley, taken out in the year 1825, 
and ending with the last in December, 1890, the very 
respectable total of 989 is arrived at.* And this 
for England alone. No doubt a great many of these have 
had their birth in other countries; yet many have 
been invented abroad and not patented here, and, in fact, 
the total for all countries reaches a much higher figure. 
One would surely conclude that the colossal expenditure 
of brain-power and money implied by a thousand patents 
must, when applied to the production of one description of 
apparatus, have achieved complete success again and 
again. But if we put the number of patents taken out Extreme 
against the number now surviving as commercial successes, SJSSJ^?*^ *' 

* The number of patents taken out in England for the — 
10 years ending Slst December, 1830, was 3 

1840 „ 6 

1850 „ 26 

1860 „ 107 

1870 ., 202 

1880 „ 256 

1890 „ 889 
For the one year ending Slst December, 1891, the number was 14. 
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the proportion affords staiiling proof of tlie fallacy of 
this conclusion, and also of the desirability and extreme 
difficulty of the object sought. Even among these few 
survivors, which may almost be counted on the fingers of 
one's hands, there is still no one instrument that combines 
in itself all the desiderata of the ideal water-meter. 
Caneeoffaiiim). Yet very many of these actual failures are, theoreti- 
cally, nearly perfect, and the cause of their want of 
success is not readily discovered even by experts on the 
subject, while those who have not studied it would 
probably be ready to assert that such well-designed 
apparatus must work satisfactorily. Apparently there is 
no more difficulty in the mechanical problem of producing 
an efficient water-meter than in that of creating an efficient 
gas-meter. But the difficulty is infinitely greater. Briefly, 
it lies in the fact that the latter works under nearly 
constant conditions, while the former has to contend with 
almost infinite variety and combinations of conditions. 
Herein lies the barrier to success in most instances* 
These conditions will be set forth and examined on a 
subsequent page. 

In order to duly consider the merits and demerits of 
the water-meters at present on the market, and which have 
" come to stay," it will be convenient first to enumerate 
the requirements that the Perfect Meter should satisfy. 

THE IDEAL MBTBB 

The ideal 1- Should accurately measure all water passing at full 

meter and its n ^.„« 
oharaotexisticB. HOWS. 

2. Should accurately measure all water passing at fine 
flows. 
8. Should work at a very slight pressure (effective head). 

4. Should work at high speed (full flows at high 
pressure) without shock or water-hammer. 

5. Should not reduce the flow. 
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6. Should be quiet in action. 

7. Should not be liable to "stick up," or stop. 

8. Should, under ordinary conditions of water, flow, and 
pressure, do its work accurately for a period of three 
years without needing repair. 

9. Should, with slight repairs (say not exceeding 2 per 
cent, per annum on its first cost), have a life- time of 25 
years. 

10. Should be constructed of such material as to resist 
the action of the varied salts and combinations of salts 
present in nearly all waters. 

11. Should be moderate in first cost. 

12. Should be small in bulk and handy to fix. 

13. Should, when out of order, give some outward 
indication thereof. 

14. Should have a register easily read. 

15. Should be incapable of passing water backwards. 
Despite the many efforts — extending in all over more 

than half a century — ^to produce this ideal instrument, 
there is not one of the hundreds invented that embraces 
aU the foregoing attributes. 

Before examining the different types of meters in use, Difficult condi- 
it may be well to briefly consider some of the conditions ^^iSteSadby 
which militate more or less against one and all. The ^a*®^-"^®*®"- 
great difficulty — one but too familiar to all waterworks* 
engineers — is the varying quality of water at different 
works. Waters may be roughly grouped into Hard and 
Soft Waters. Hard Waters, containing a variety of carbo- ^^^ ^tnu 
nates, nitrates, and chlorides, act in a very remarkable 
manner upon most copper alloys. The most striking 
instances of this that the writer has seen are as follows : — 
A cylinder made of phosphor-bronze and forming part of 
a meter was found after four months' use at a waterworks 
in the North of England to be eaten into and pitted to Attack copper 

alloys f 
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the depth of ^»y-inch. At another works a piece of 
perforated copper 20 B.W.Q-. and a brass casting about 
2 J inches in diameter and ■^^" thick were so destroyed 
after being twelve months in the water, that they were 
crunched in the hand with no more resistance than brown 
paper. This destruction is probably brought about by 
galvanic action, all the elements necessary to a primary 
battery being present. It is difficult, indeed, to account 
\ for the rapid disintegration in any other way. 

Chwwthon With other hard waters a growth on the metal presents 

itself. When this occurs, as it often does, in an inferential 
meter, in which, when new, the water-ways and passages 
are nearly always of less than the full area of the supply- 
pipe, the effect is to gravely increase the loss of head 
by wire- drawing the flow. It can be readily seen that 
in the arms of a turbine such a growth would 
unduly increase the calculated reaction, and upset the 
registration. 

Many alloys have been tried in order to find one able to 
withstand such attacks. In two instances within the 
writer's knowledge the interiol* gun-metal fittings of 
inferential meters were silver-plated ; but even this proved 
no more successful than tinning, which has also been tried 
and found wanting. 
**Beita" metal. ''Delta" metal seems at present to be the only alloy, 
outside those of the precious metals — the price of which 
of course prevents their use — that is able to resist the 
attack of hard water, and engineers cannot do wrong in 
specifying it for any fittings for use therein. 

Hard waters also attack the leather and indiarubber of 
which piston and gland- packings are made, sometimes 
causing them to harden, perish, and thus cease to be 
watertight, and sometimes cementing l^em, as it wei^^ to ^ 
the cylinder walls, causing the meter to " stick up.'* 
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Soft water is less difficult to deal with; but no meter, the Soft waters, 
passages of which are made in iron, will continue to work 
efficiently for a long period in soft water unless all the 
exposed interior surfaces are thoroughly protected. Either 
the oxide will grow and break away in such quantities as 
to clog and interrupt the smaller working parts, or the 
passages become so choked with the oxide growth that the O^^*- 
meter will only have a small fraction of its normal rate of 
flow. * Many methods have been employed, with varying 
measures of success, to cope with this oxide nuisance. SSstants. 
The best known and most generally used are the 
Angus Smith and the Bower-Barff processes, while in some 
districts oxide paints have given fairly good results. But 
the cleanest and most enduring of all oxide resistants is 
silicate enamel. The art of applying this to untooled Silica enamel, 
cast-iron surfaces has been much developed and perfected 
during the last few years, and there are now several firms 
doing the work so well that the enamel is quite unaffected 
by a far greater amount of expansion and contraction 
than can possibly occur to meters. When properly 
applied the enamel appears to be almost fused into 
the surface of the iron, so that oxidation cannot take 
place under it and cause it to flake off. In short, for this 
one evil it appears that an effectual remedy is at hand. 
At the same time, it is hardly necessary to accept the state- 
ment of a hyper-enthusiastic agent, who vigorously declared 
that, even if a meter were burst by frost, the enamel would 
still hold out! A coating of pure tin is a most excellent Tincoatmg. 
protective, and is also clean ; but the art of applying it 

* Since writing the above a notable instance of this trouble has come 
under the author's notice. A meter of a well-known make was taken 
out after four years' use, because the consumer complained he could 
hardly get any water. It was found, on testing, that the meter took 
8 hrs. 40 mins. to pass 100 gallons at a pressure of 70 lbs. per square 
ineh. When the meter yna nev it wotdcT have acoompUshea the samd 
work in about 7 minutes. 
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Other diffl- 
cultjes : great 
range of flow 
andof preesore. 



High yelodty 
flows witboat 
counter-head* 

Friotioxi* 



well and cheaply to cast-iron surfaces needs deyelop- 
ment. Where meters are used for domestic purposes 
it is certainly of great sanitary importance that they be 
made of such material that, when left standing for hours 
without water passing, as is often the case, no dis- 
solution of the metal occurs to contaminate the water. 

The next element of difficulty is the great range of 
pressure and of rate of flow to be encountered. There are 
two ways of working a meter very hard : one is to con- 
tinually pass water through it full-bore, at a high effective 
pressure, without counter-head or back pressure ; the 
other is to let water constantly dribble very slowly 
through at a very low head. This may seem a paradox, 
but it is a fact. 

To be specific, an inch meter, for example, would be 
far less likely to get out of order in passing 1,000,000 
gallons of water at rates of flow varying between 10 and 
1000 gallons per hour, with a counter-head on the meter, 
than in passing a quarter of that quantity at a rate of 
8000 gallons per hour, or even 10,000 gallons at a rate of 
7 gallons or under per hour. 

The reason is that when a meter is being worked at 
moderate speeds and with a counter-head, the co-efficient 
of friction of the moving parts remains low, and they are not 
strained, being held up to their work by the back pressure ; 
but when running at a high velocity, without back 
pressure, the strain on the moving parts is out of all 
proportion to the work done. The co-efficient of friction 
of the working parts increases in all meters at a greater ratio 
than as the speed of the flow, the wear at 3000 gallons per 
hour for instance being more than three times the wear at 
1000 gallons per hour.* In reciprocating-piston meters, and 

* It Bhonld be noted that of the two factors of which water meter 
friction conBists,one, viz., that due to the flnid friotion of the water in 
its coarse through the ports and passages of a meter, has a practicaUy 
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in those rotary-piston meters wliich have not a constant 
discharge throughout their cycle of movement, there is 
another cause productive of undue strain and friction 
when working under such conditions. The resistance to 
the flow of water through a meter, which is generated by 
impact and fluid friction under normal conditions, 
increases approximately as through a pipe, that is, as the 
square of the rate of flow ; but under the above conditions 
the increase is at a still greater ratio, until " water- Water-hammer, 
hammer " is developed by the sudden check to the column 
of water at the end of each stroke, or at that point of 
the cycle where there is a diminution of flow owing to 
reduced port-area or increased friction. This check is com- 
municated back to the water in the supply-pipe — and then 
comes the reaction. The pressure on the inlet side of the 
meter runs up far above the full statical pressure, 
and a pulsating pressure is generated, which is very Pulsating 
trying to the constitution of any meter. This evil is p"®^^^"* 
greatly mit^ated by back pressure, for then at the more 
favourable moments of the stroke or cycle the piston, 
having to move the column of water in its front, is 
prevented from racing, and is thus spared the consequent 
water-hammer. 

Passing to the other extreme — ^low pressures • and small ^^dsSSS^SowL. 
flows — ^these combined conditions are more rare but not less 
troublesome. The effect of a very small quantity of 
water constantly passing is to collect all the grit and 
particles of oxide, etc., which are contained even in the 

constant ratio of increase, i.e. directly as the square of the speed — but 
the other, the friction inter se of the moving parts, varies with each 
type of meter. In hardly two instruments has it the same value ; the 
moving parts of some meters are so arranged that an increased speed 
of flow tends to lift one working face from another and thus relieve 
the friction, while in otiier meters the D-valves occasion an increase of 
friction in direct proportion to the square of the speed of flow. This 
means that increase of friction is to increase of speed as four is to 
one. 
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best of waters. This accumulation, which could not 
occur were the meter flushed out by a full flow, gets 
between the working faces, wears them unduly, and 
induces leakage. It also causes increased friction, 
which may get the upper hand of the low head, and 
bring the meter to a standstill. Stoppages of positive 
meters and non-registration by inferential meters occur 
more often under these circumstances than in any other way. 

Speaking of the " best of waters " brings to mind a 
meter which, having been disconnected from a supply to an 
infirmary, was found to harbour in its dirt-box the largest 
collection of specimens of fresh (?) water life that could 
be contained in so small a space, b^inning with a small 
eel, and ending with some little thing with a big name 
apparently not many stages down or up from the original 
protoplasm. 

The chief extrinsic causes of difficulty met with in 
metering having been indicated, it remains to consider 
the different types of meters in use and the features 
peculiar to each. 

The two great branches of the water-meter family are 
the Positive — ^and— the Inferential^ 

which may be respectively subdivided into the following 
classes : 



Typwot 
maten. 



water 



Positive. 
Eedprocating-piston single 

cylinder meters. 
Eeciprocating-piston double 

cylinder meters. 
Eotiary-piston meters. 
Diaphragm meters. 
Low-pressure meters. 



iNFfiBBKTZAL. 

Eotaiy fan meters. 
Rotary turbine meters. 
"Waste- water meters. 
* Low-pressure meters. 



* This meter is really hybrid, and should, perhaps, be described a 
posito-infereiLtial. 
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^earlj all of the above may be again divided into sub- 



Positive meters of all classes actually measure the DiBtingniflWiig 
water passed in a vessel, or vessels, of known capacity, of the two great 
while inferential meters, as their name indicates, infer the 
quantity of water passed by the revolutions imparted to 
a fan or turbine by the water as it travels through the 
meter. The differentiating meter, which is inferential in 
its method of measurement, works in connection with a 
clock and shows the rate of flow at any moment. It is 
used as a waste- water meter. 

Positive Reciprooating Piston Meters are constructed in Podtive redp- 
the best practice so as to give the slowest piston speed meters, 
possible. It is obvious that with a piston driven by a full 
port to the very end of its stroke the tendency to water- 
hammer will increase with the speed of the piston. 
[There are also other reasons that render a slow piston 
speed almost imperative, which will be dealt with on 
page 10.] The price paid to secure this object is 
increased bulk ; in fact all meters of this class are large 
and heavy when compared with any other class. In 
illustration of this point: the 12-inch positive piston- 
meter of a certain make weighs seven tons, while there exists 
a 12-inch inferential meter weighing only four himdred- 
weights. 

Beciprocating-piston meters may be subdivided into Sin^ie-oy^der 
two classes, single-cylinder, and double-cylinder. The piston meten. 
former is best represented by a well-known meter of high 
repute, and consists of a cylinder having its passages in 
connection with a four-way cock which is controlled by 
a tumbling-weight in connection with a rack worked by 
the piston-rod. By this means the inlet and outlet 
are alternately placed in connection with opposite ends 
of the cylinder at the completion of each stroke. ' 
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YalTOS actuated 
byanxiliaiy 



Donble- 
oylinder recip- 
rocatin^r piston 
meters. 



The same eif ect has been attained in another meter of this 
class by the use of a spring actuating an ordinary D-valve. 
In another, the valve movement is governed by an in- 
genious arrangement, in which the atmospheric pressure is 
made to co-operate. The valve movement of all single- 
cylinder reciprocating-piston meters is actuated by 
auxiliary means. 

Where the valve is actuated by a tumbling- weight — 
particularly if it works in air, although the remark applies, 
in a less degree, to a meter which has a tumbling-weight work- 
ing in water — a further reason for a slow speed is apparent, 
for not only do the concussion and noise of the weight 
falling become objectionable if the speed is too high, 
but the impetus causes the weight to throw over the centre 
and reverse the stroke earlier than it should. The evil of 
this short-stroking is, to some extent, obviated in the 
meter above referred to by the arrangement of the counter, 
which registers in accordance with the distance travelled 
by the piston. This meter requires lubricating from time 
to time, otherwise the friction of the four-way cock may 
at slow speed overcome the force of gravity acting on the 
weight, making it stick-up and stop the meter. Other 
meters of this class simply record the number of strokes 
made whether long or short, thereby causing the registration 
to be greater per quantity passed at a high speed than at 
a slow. 

The number of two-cylinder meters is very great, in- 
ventors being probably attracted to this in preference 
to the one-cylinder class, from the fact that the whole 
cycle of movement is made imder water-power, instead of 
weights, springs, etc., being employed as auxiliaries. The 
broad principle upon which all work is that each piston 
at the termination of, or during, its stroke, actuates the 
valve of the other. These valves are generally D- valves, but 
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in a considerable number of meters tbe valres are formed 
in and by the pistons themselves. As this necessitates 
their being mechanical and not leather or rubber-packed Mechanical 
pistons, it will be readily seen that leakage or slip is pistons, 
inevitable when fine flows are passing ; whereas, with the 
separate valves and packed pistons registration of the 
very finest flows, even to drops, is obtained so long as the 
meter remains in good condition. The two cylinders are 
not always of the same diameter, in which case the small 
or auxiliary piston merely acts as turncock or valve- 
changer to the larger one. 

Where the cylinders are of equal diameter there is "^•^», 
a tendency to '* short-stroke " and over-register when 
passing small flows — ^the reverse of the one-cylinder type, 
be it noted. Meters with cylinders of equal diameter 
generally have small rubber buffers to take the thrust Cylinders of 
of the pistons at the end of the stroke, which when 
small flows are passing — and consequently a smaller effec- 
tive pressure acting on the piston — are less compressed than 
at a high speed and effective piston pressure, therefore 
the stroke is shorter and less water is actually displaced, 
although the same amount is registered, the counter being a 
multiple of number. In the case of the combined small and cylinders of 
large pistons, the conditions that produce short-stroking ^I^Ser. 
are full flows and high effective head. The smaller piston 
requiring a. greater pressure to operate it does not move 
(although its valves are opened) at slow flows and small 
effective pressure until the larger piston has completed its 
stroke, when the whole force of the flow is thrown on to 
the smaller piston, and it has to go ; while at the higher 
sf)eeds there is enough effective pressure to operate the 
smaller piston immediately its valves are reversed, which 
is effected by the larger piston during the last portion of its 
stroke. This prompt action of the smaller piston reverses 
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General 
features of 
reciprocating, 
piston meters. 



the yalves of the larger piston a little before the latter has 
finished its full stroke, hence there is less water dis- 
placed. 

Beciprocating-piston meters with packed pistons maj 
claim to be good and reliable measurers of both full and 
fine flows, but it is in the registration of the latter that 
they surpass meters of all other classes (excepting the 
low-pressure meter), and this, for certain purposes, is an 
attribute of the highest value. 

Considerable pressure is required to work some meters 
of this class owing to the friction of piston and gland 
packing and of the valves. They are high priced and 
expensive to fix on account of their bulk. Most are ex- 
pensive to maintain in hard waters, which destroy the 
piston packing and cause them to stick-up and com- 
pletely shut off the supply. The majority of water- 
engineers consider the annoyance, and even danger, thus 
caused to the consumer a far graver evil than that re- 
sulting from the loss of registration by a meter which stiU 
allows water to pass, even though it has ceased to measure 
it. In the latter case there is not much loss to the supplier, 
as it is the custom under such circumstances to assess the 
consumption at the average for the corresponding quarter 
or month. It is, perhaps, preferable when a meter fails 
in this way, that the flow be compromised but not stopped. 
The consumer is., then likely to call attention to the fact. 
'* Sticking-up " is particularly likely to occur if a meter be 
left standing for a few-days ; when the pistons may become 
set fast to the cylinder walls.* 



* At two Companies' works, not eight miles apart, but one having 
soft water and the other hard, the same piston-meter has been used to 
a considerable extent; in the first instance ^th very good results, and 
in the second, with snch constant tronble from meters stopping owing 
to the action of the water on them that they are being discarded as 
useless and hopeless. 
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When piston-meters get seriously out of order, but with- 
out shutting off the supply, they generally cease registering 
entirely, which is distinctly a good point, since they do not 
pretend to be working correctly when they are really only 
measuring a fraction of the water passed. 

Excepting some of those with the valves in the mechanical 
pistons (and these will not register fine flows) they cause 
concussion when working at high speeds. 

Positive Eotary Piston Meters all present the distinctive Positive 
feature that their pistons or displacers move continuously meters, 
forward, instead of with the reciprocating action of the 
piston-meters above referred to. They are so contrived that 
the only moving part in the measuring-chamber is the 
displacer or piston, which in its progress governs the 
opening and closing of the inlet and outlet ports. There 
are so many varieties of this class, several of which have 
been commercially successful, that beyond thus indicating 
the broad and distinctive lines upon which all are con- 
structed it is impossible to describe their individual action 
without trespassing too much upon the reader's patience. 

The result of this continuous forward movement is that 
a high piston speed can be attained without objectionable 
concussion, thus enabling meters of this class to be made 
comparatively small in bulk. The pistons are not packed, 
but, owing to the freedom with which they move, the 
difference of pressure between the inlet and outlet side of 
the working parts is so slight that they are practically 
water-packed, an infinitesimally thin film of water lying 
between the piston and the chamber in which it moves. 
The best of them may be described as ** swimming friction- 
less," to which desirable attribute is due the capacity 
for passing more water than meters of any other class 
with much less wear and tear. Consequently their cost 
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G«nenl 
features of 
rotary-piston 
meters. 



The 
Meter. 



Nutating" 



of maintenance is slight, especially when thej aore so ma.de 
that the whole of the working parts can be readily removed 
without disturbing the fixing of the main body, or case, 
and its service connections. 

They are moderate in price if compared with other 
Positive Meters of the same nominal size, and cheap if 
measured by the quantity they can pass per hour. They 
are reliable, and will continue to register vdth their initial 
accuracy all flows but the very smallest, until very seriously 
out of order, when they will, as a rule, stop registering 
altogether, and will also call immediate attention to the fact 
by reducing the flow to a fraction of its proper volume. 
This feature is preferred by many engineers to entirely 
stopping the consumer's supply. 

They are — no matter what the conditions of pressure — 
accurate measurers of all flows, except the very finest, 
when they are not so good as the reciprocating-piston 
instruments.* 

But for this, Rotary Piston meters would come very near 
to the much sought- for " perfect" meter. As it is, some 
of them will give very good results on very small flows. 
Many thousands of meters of one particular make have 
come under the writer's notice, all of which tested well at 
five gallons per hour; but even this, though amply meeting 
the requirements of most, is not low enough for some 
purposes. 

One instrument of the Eotary Piston class, while retain- 
ing the special feature of continuous movement, diverges 
so much in construction from its fellows that a short 
description may be of interest. 

It is termed a *^ Nutating Meter," and the displacer (and 

* This is particulaTly tme of some meters of American mannf actnre, 
in which tne fine-flow capabihties have not been developed to the 
extent possible and elsewhere deemed necessary. 
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ralTe) takes the form of an oscillating disc, which vibrates, or 
" wobbles," in a constantly changing but circular direc- 
tion within a chamber with spherical walls. The top and 
bottom of the chamber are formed by two cone frustra. 
The disc is carried on a ball which it encircles ; the ball 
being supported, as by sockets top and bottom, between 
the two truncated cones. An arm attached to the ball at 
right angles to the plane of the disc passes up through 
the top cone, and is held at the proper angle of inclination 
by the lever which drives the counter gear, so that always 
some one diametrical line of the disc will be in contact 
with the top cone with one-half of its diameter, and with 
the opposite side of the bottom cone with the other half. 

The disc does not rotate but only vibrates, or " nods," 
in a circular direction. At one point there is a radial sloe 
in the disc through which a vertical partition passes from 
top to bottom of the chamber separating the inlet from 
the outlet. 

This meter shares most of the properties of its class 
fellows, but it is not likely to maintain its initial accuracy 
80 long, because any wear at the point of contact of the 
arm which gives the disc its angle of inclination, with the 
lever on which it abuts, or any wear of the spindle carry- 
ing the lever, permits the disc to break its contact with the 
cones, thus allowing water to pass direct from inlet to 
outlet. Since these points form the fulcrum of the 
movement and the action is very rapid, friction enough 
must be generated to cause unduly rapid wear. This 
form of meter has been also made in America for the last 
two or three years, and alterations have been introduced 
with a view to mitigate the above evil. These efforts 
have, strangely enough, taken diametrically opposite 
directions. One firm has directed its attention to a con- 
trivance for taking up any wear, so that the disc must 
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always retain its proper angle of inclination. Another 
has boldly discarded the inclining arm and lever, and 
relies solely upon the water pressure to maintain the 
contact between the disc and the top and bottom of the 
chamber. It is even claimed as an advantage that the 
disc of a nutating meter made on this principle can lift 
from its proper position and allow any grit or other 
foreign bodies to be blown through the meter by the 
passing water. This is probably true, but it must not be 
forgotten that when once the disc has broken contact with 
the top and bottom of the chamber it is practically 
balanced, as the water then has an unimpeded passage 
both above and below the disc from inlet to outlet. 
Slight friction, caused by any fine grit, or even by the 
impalpable deposit left by most waters, acting between 
the periphery of the disc and the walls of the chamber, 
might suffice to retain the disc in mid-stream. Any 
quantity of water may then pass unregistered. There 
may be advantages in this method : there are grave risks. 

Diaphragm Diaphragm Meters may be described as well-meant 

Meten. attempts to avoid the difficulties caused by the friction, 

wear, and sticking-up of the pistons of the reciprocating 
type, but the result, so far, has been to get ** out of the 
frying-pan into the fire." The general arrangement of this 
type is similar to that of reciprocating-piston meters. 
The valves in single-diaphragm meters are actuated by 
some means, such as weights or springs, in addition to 
the water pressure : where there are two diaphragms, one 
controls the valves .of the other. 

Theoretically the diaphragm is all that can be desired, 
as both piston-friction and leakage are absolutely 
eliminated; but, unfortunately, use has demonstrated 
that it is impossible to produce a diaphragm made of 
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such material that will not harden and crack, or that 
will not split with the constant bending. This tendency- 
lias been obviated as far as possible, in at least one meter, 
by forming the lower half of the displacing chamber with 
walls of a convex curve and the upper half vdth walls of a 
concave curve ; but even this is not effectual. The dia- 
phragms have also suffered from the small stones and grit 
which find their way into all water-fittings. Here they 
have perforated the soft material of which the diaphragms 
are made. 

The Low Pressure Meter has littlfe likeness to any other ^^^'^f®"^® 
members of the great meter family, whether judged by 
appearances or by characteristics. It would be better 
described as a "No Pressure Meter, as it works in free 
communication with the air without any water pressure 
whatever, the actuating force being gravity. 

The best known meter of this type is the outcome of As originally 

constructed. 

that originally invented by Samuel Crossley in 1825. It 
consists of a drum, divided into segmental compartments, 
revolving within an outer case, which has an outlet connected 
a little below the centre line of the revolving drum. The 
inlet flows into a small chamber, wherein the water is kept 
at a constant level by means of a ball-cock. From this 
chamber a pipe conveys the overflow into the revolving 
drum through a small concentric opening in one side. 
The compartments are so placed in regard to this inlet pipe 
that one keeps filling until, by the gradual revolution of 
the drum caused by the increasing weight, the succeeding 
compartment begins to take the inflow, when the former 
slowly empties into the outer case ; and so on, one after 
another. 

As now constructed a portion only of the water is its modem 
measured, the remainder flowing straight through into 
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the cistern or waste, the quantity being computed by that 
which is actually measured. This is effected by means of 
the small chamber— into which the water passes when first 
entering the meter — ^having a given number of apertures 
of equal sizes, so that if there were five apertures the water 
would be measured that passed through one only, and the 
counter so geared that this quantity would be multiplied 
by five in registration. It is questionable whether this 
meter should not be termed inferential rather than 
positive.* 
Another low- In another Low Pressure Meter, the water, the flow of 

which is controlled by a ball-valve, passes into a tilting 
tank having two compartments, and so balanced that 
when one is filled to a certain degree its weight causes it 
to upset, emptying its contents into a tank below, at the 
same time bringing the other compartment under the 
inflowing water, which in its turn tilts and empties, and 
so on. 



* Since writing the above, the author has seen one of these meters 
opened which had been about two ^ears in use. It had been passing 
water containing some fibrous particles which had collected about 
these apertures. The registering aperture was reduced to about one- 
sixth of its original area, while the non-registering apertures presented 
nearly two-thirds of their proper areas. This would result in a loss 
of registration of about 75 % . 

On the other hand, it mi^ht have happened that the non-registering 
apertures were choked, while the registering aperture remained clear, 
causing an over-registration of 400 % . It will be seen that, in this 
way alone, without considering the possible error due to the mechanism 
of the meter, there is a possible range of error of registration of 
600%,».e.,from-100% to -h 400%. 

The chance of error from this cause is much increased on account 
of the meter being a " no pressure " instrument. Were the water- 
pressu£6 available, it would scour and sweep away all or nearly all 
such disturbing elements, instead of letting them gently settle and 
cling to the sides of the apertures. 

In justice to this meter, which, as a rule, performs its work very 
efficiently, it must be borne in mind that such a blocking of the 
apertures as is here described can only occur where the water carries 
with it an unusual proportion of foreign matter. 
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These meters are very accurate, unless in the form oenerai 
first described some obstruction should happen to cover low-preasure 
one of the apertures, when the registration may become ™® "' 
wild ; but on the whole they are reliable instruments 
for the class of duty, and not costly to maintain. 

They are very bulky and expensive in proportion to 
the quantity of water they will pass, and they must be 
fixed at the highest point of the service, so that the supply 
can run from them into cisterns. Rising mains and 
cisterns are therefore an additional expense incidental to 
a meter of this kind. The * pro's and con's * of the cistern 
question will be found on a subsequent page (47). It is 
often urged against the low-pressure meter that it makes the 
meter-reader*s monthly or quarterly visits very objection- 
able, as he has to tramp up right through the house in 
order to get to the meter. The dishonest consumer — not 
quite such a vara avis as one would hope — ^has a tempting 
opportunity for tapping the rising main in front of the 
meter, and getting as much water as he chooses without 
payment. Low-pressure meters are considered by many 
engineers admissible only in cases where small quantities 
and no pressure are required. « 

Ko class of meter has been so widely used as the inferential or 
Inferential or Velocity meters, and possibly, because of their metersf 
small first-cost, they are still being more largely manu- 
factured than any other. They are made either in the 
fan or turbine form. In the former the flow is made to 
impinge on the blades of a fan working within an outer Fan. 
case, which, in the smaller sizes, is generally made of 
brass. The plane of the blades is either approximately 
parallel with the axis of the fan- spindle, in which case 
the water is admitted by lateral openings into the fan 
chamber, or the blades are set diagonally, and then the 
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meters. 



water passes vertically from inlet to outlet. Efforts have 
been made in several inferential meters to minimise the 
wear of the foot-bearing of the fan-spindle. For instance, 
the blades of the fan have been set at such an angle, and 
the position of the inlet and outlet ports so arranged, that 
the force of the current tends to counteract the weight of 
the fan and its spindle. 

Where the turbine is employed, it is pivotted vertically 
within the outer case of the meter, the water passing down 
into the centre and out tangentially from the turbine arms ; 
the resistance to these water jets reacts on the turbine, caus- 
ing it to rotate in a direction opposite to the flow. Blades 
or " dragboards " are attached to the bottom of the turbine 
to prevent it over-running. A provision of this kind is 
essential in all inferential meters, and is accomplished 
in different ways. One of these is a pocket or recess 
in the fan-chamber, which creates a back-flow or eddy. 
"Were this not done a meter would continue registering 
after the flow had ceased, as the swirl of the water in the 
fan-chamber would be some time in stopping. The result 
in cases where taps were being frequently opened and shut 
would be to register a very much larger quantity than 
was actually passed. As it is, there is still room for 
further improvement in this respect. Several of the 
existing devices greatly mitigate, but none entirely obviate, 
the evil. 

Meters of this type are compact, light, and low in price 
for nominal sizes, but not equally so when compared by 
capacity of rate per minute. Owing to the high speed at 
which they run, it is necessary to renew some of the parts 
rather frequently ; but these renewals are less expensive, 
if more frequent, than those required by some other 
classes of meters. Inferential meters are, when in good 
repair and of careful manufacture, reliable in the measure- 
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ment of all flows of liigh and mediiim speed, but are 
not good in the registration of small or fine flows. 
In this last particular nevertheless there is a great 
difference in the sensitiveness of meters of different 
manufacture. For instance, one German maker publisher 
in his catalogue that his ^-inch meter does not commence 
registration until the flow exceeds 35 gallons per hour, 
while an inferential meter of Austrian manufacture of the 
same nominal size will, when new, register a flow of 
6 gallons per hour with tolerable accuracy. Both these 
meters are very largely used in their respective countries. 
English meters of this type give results similarly varying, 
though not to the same extent. 

The most undesirable feature in an inferential met^r 
is that the continuance of its initial accuracy, even on 
large flows, depends so greatly on the maintenance of 
the meter in ^perfect condition. In other words, the co- 
efficient of the friction of the working parts should remain 
constant, which, with high speeds, and the grit and other 
foreign bodies more or less present in all waters, is practi- 
cally impossible : more or less deterioration thus occurs,, 
with the result that the meter begins to run slow and under- 
register. The evil effects resulting from this deterioration Effect of 
are far more serious in an inferential than in a positive compared in 
meter. The following are the reasons : — In piston-meters positive meters, 
increased friction only means an increased absorption of 
head in working, because water cannot pass without 
operating the apparatus ; and even if the working parts 
are so worn that they are not absolutely water-tight, they . 
yet offer so large an area of piston- surface to the effective 
head that, except on very ^q flows, the proportion of the 
total surface under pressure in which slip or leakage can 
occur is such a minute fraction as to be almost immaterial. 
In inferential meters, on the other hand, increased friction 
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or even stoppage of the moving parts hardly affects the 
delivery, as the water-ways are not thereby obstructed to 
any appreciable extent. 

It therefore constantly happens in practice that a serious 
percentage of the water passed is unregistered, although 
to all appearance the meter is doing its work as well as 
when first put in the ground. 

It is a very difficult matter to detect this loss by 
comparing the registrations for similar periods, as not 
only does the consumption really vary in most instances, 
but the consumer is not likely to help in rectifying an 
error which tells in his favour. Detection is further 
hindered by the gradual way in which the loss begins and 
grows. 

This failing is very marked on account of the big figures 
in meters of the larger sizes. It has been recently found 
at a waterworks, where some 3-inch and 4-inch inferential 
meters had been some years in use, that the registration 
was over 30 per cent, less than the actual consumption, 
although the meters when at work were always full bore. 
In one case alone 1,000,000 gallons a month were being 
lost to the company supplying the water. Had this error 
occurred suddenly, it would have been surely detected, but 
the gradual diminution prevented suspicion. Where infer- 
ential meters are used, it is a necessary precaution to take 
them out at regular periods for testing and examination — 
once a^year, if fair accuracy be desired, or oftener, should 
they have registered meanwhile more than a certain 
quantity (see page 73). In the great majority of cases 
this will prove to be a smaller expense than the loss by 
imder-registration which would otherwise occur. 

Waste-water There remains yet one other class of meter, but it has 

meters. -^ ' 

a distinct use of its own. This is the Waste- Water meter. 
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whicli instrument differentiates the speed of the flow in 
mains, and consists of a valve which opens in proportion 
to the quantity passing at any moment. The movement 
of the valve is recorded on a diagram affixed to a 
cylinder, which by a clock-work arrangement is made to 
revolve once in the twenty-four hours. Parallel lines on 
the diagram correspond to certain rates of flow per hour, 
so that by following the line traced by the pencil in 
connection with the valve the rate of flow at any moment 
can be instantly ascertained. 

The valve used in the original waste- water meter, which 
has since become widely known and used, consists of a 
disc working in a conical passage. 

A valve of the ordinary reflux type is used in a recent 
meter of this class. This allows a straight and clear 
water-way — a distinct advantage in cases of large draught 
and small pressure. When fixed near a pumping station 
it should minimise the vibration of the recording pencil 
by checking the pulsation. 

Other meter -manufacturers produce a waste -water a special waste 
meter on rather different lines to the above — an ordinary 
inferential meter working in connection with a clock and 
tape. It possesses the feature — and advantage — of show- 
ing the exact total quantity passed without the necessity of 
averaging the rate, mentioned above. At the same time, 
it records equally well the flow at any moment. 

This system could be applied to any meter with similarly 
good results. 

The bulk and cost of waste-water meters is of General 
little moment because comparatively few are needed, and waste-water 
also because they are fixed in roadways where there is "^ 
generally room and to spare. 

They are accurate and reliable, though the correct read- 
ing or averaging of the diagrams they give is a matter of 
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some little practice and judgment on account of the many 
alterations of rate of flow in a short space of time. 

It is not necessary to work these meters excepting 
occasionally when diagrams are required with a view to 
search for waste or leakage in mains or fittings. To this 
end they are usually placed on a bye-pass. 
The venturi Experiments were made in the United States,* in 1887, 

with the Venturi meter, but the writer is not aware that 
the system has yet been put practically forward to any 
considerable extent.f This instrument is best suited for use 
as a waste- water meter, as it indicates the speed of flow at 
any moment. It would appear, however, that the recording 
mechanism must neces^rily be more complicated than 
that of any of the above mentioned instruments. 

The meter consists of a short conical reducing-piece let 
directly into the pipe-line, the reduced end having a 
diameter of about one-third of that of the main ; to this is 
attached the "Venturi" mouth-piece, a long expanding 
cone, the small end matching and attached to the small 
end of the reducing cone, and the large end joining the 
main. When water passes through this arrangement it 
causes a strong sucking action, and consequently a great 
reduction of pressure in the " throat * ' of the apparatus. An 
annular air-chamber is formed round the outside of the 
throat; small holes drilled through the pipe connect 
the two. Pressure gauges are fixed to the main a little 
before the meter and to the air-chamber at the throat. 
The difference of pressure caused by the depression in the 
hydraulic gradient at the ** Venturi " is registered by 

* See paper read by Clemens Herschel, M. Am. Soc. C.E., at a 
meeting of the American Society of Civil Engineers, December 
2l8t, 1887. 

t In the American "Engineering News" of July 7th, 1892, 
there is an interesting account given of the subsequent progress 
made with this meter. 
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manometers or other suitable gauges. The quantity pass- 
ing can then be arrived at by calculating the dischai^e 
from the orifice or throat of known area at the pressure 
thus ascertained. The figures obtained from a long series 
of careful experiments demonstrate that reliable results may 
be obtained with a considerable range of velocity. At speeds 
below half -a-f oot per second in the pipe-line, there is great 
difficulty in obtaining accurate readings from the gauges. 

The **Venturi" tube appears to embody the vital 
principle on which work the many injectors and **jet 
pumps." It is further interesting from the fact that its 
sucking or inducting power appears to have been known 
long before the days (a.d. 1791) of the man by whose 
name it is now known : the Eomans are believed to have 
cheated the water authority of Ancient Rome by attaching 
a Venturi tube to the stamped and calibred regulation 
orifice, which constituted every citizen's water-right. 

CoxjNTBRS. — ^The registers or counters have not been Water-meter 

. registering 

described with each variety of meter, because they do not gear, 
necessarily differ to a corresponding degree. 

It has been said by an eminent waterworks engineer Thedifflctatyof 
that anyone can make a meter, but that no one can worJangand 
produce a really reliable counter. This perhaps was only 
intended to forcibly convey the fact that it is a far harder 
matter to obtain an easy-working and durable counter 
than is generally imagined. The experience of most 
waterworks engineers would probably corroborate this. 
A tabular digest of the repairs needed to meters of a 
good inferential make, which is annually prepared by the 
water department of one of the Continental capitals, shows 
that 52 per cent, of the total repairs are to the register ; 
and this is in the maintenance of a large number of meters, 
so that the percentage should be representative of the truth. 



durable. 
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cating-piston 

meters. 



Varions 
arrangements 
of reducing 
gear, and the 
most suitable 
material used 
therein. 

Worm-gearing 
working in 
water. 



Inferential meters wear their counter - gear moro 
rapidly than positive meters, on account, probably, of the 
greater reduction of speed necessary between actuator 
and register, although in many such meters the reducing 
gear works in some lubricant. Nevertheless the pro- 
portion of counter repairs is greater than seems justifiable 
in all classes of meters. 

In packed-piston meters, in which the friction of the 
counter-spindle stuffing-box is of no moment, the reducing 
gear should be placed outside the main body of the meter, 
so that it works dry. A fruitful source of trouble would 
thus be avoided. 

The reducing gear in inferential and in rotary positive 
meters consists either of a train of spur-wheels, or of 
worms and worm-;yrheels, working either in water, or in 
some better lubricant, such as glycerine, vaseline, or oils 
containing no acid. If worm-gearing is used, working 
in water, vulcanite is used instead of brass or gun-metal, 
either in the wheels or worms. A reducing train of which 
the worms are vulcanite and the worm-wheels brass will, 
ccBferis parihis, outlast similar gearing made entirely in 
brass, even if five times renewed. Worms and wheels 
both of vulcanite work well so long as the water is free 
from grit, but in dirty water they drag much more than 
the composite gear. It is better to make the worms of 
vulcanite than the wheels, as in the event of any undue 
strain occurring, the single tooth of the vulcanite wheel 
which is for the moment in gear might be unable to 
support it, while the strain thus tlirown on to a vulcanite 
worm would be distributed throughout the length of its 
spiral. If a gear of this kind be working under conditions 
most favourable to friction — such as very gritty water^ 
and journals and glands too much tightened — so long^ 
that appreciable wear occurs, it will be the hard brass and 
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not the comparatively soft vulcanite that is most worn. 
The reason of this is that the vulcanite allows any hard 
and sharp particles that may be pressed firmly against it 
to become partly imbedded, so that it then forms a species of 
tool-holder and cuts away with the projecting edges of the 
partly imbedded particles the hard metal surfaces with 
which it comes in contact in working. 

If the gearing be spur-wheels and pinions, then brass for Spur-gearinjf. 
both is preferable, as there is little frictional contact to 
wear the metal, and were vulcanite used the teeth might 
break under sudden or increased strain. 

Worm-gearing working in a lubricant should be made Worm-gearing 
entirely in metal, but parallel bearings of fair length are lubricant, 
preferable to the small cones often used, as although 
these may work with less friction at first, they have so 
small a bearing surface that they soon become worn, and 
allow the wheels to jamb, if not to get out of gear. 
Reciprocating-piston meters generally impart a rotary 
motion to the first spindle by a pawl and ratchet-wheel 
working either within or without the meter, the speed 
being further reduced either by toothed- wheels or worms 
and worm-wheels working outside the meter (by " outside 
the meter" is meant outside that part to which the water 
has access). 

The actual registration in the majority of meters is The dials of 
effected, by a five or six-hand dial — very much like the 
ordinary gas-meter dial. In some there are two or three 
small hands for the higher denominators, while the units 
up to one thousand are marked by a large hand moving 
round the whole face of the register. In others the dial 
itself moves for the first thousand or hundred, the 
indication being given by a pointer attached to tJie waU 
of the counter box, at the same time a hand moving on 
the dial records the next higher denominator on an inner 
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circle of figures, the still higher denominators being 
recorded by two small hands. Another method is to 
employ a Harding's counter, so that the registration is 
read straight off a line of figures. 

Colter- So many varieties of registers are very puzzling to 

the inexperienced meter-reader, who, in addition, is often 
at a loss to know the value of a revolution of a hand 
round one of the small dials, which may, for example, be 
marked outside the circle "thousands," and inside with 
figures at regular spaces 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10. 
The question is. Are the revolutions of the hand " thou- 
sands " or '* tens of thousands " ? The latter is the 
correct answer, but not by any means that always given. 
On the other hand the dial may be marked " 1000," in 
which case each complete revolution registers 1000 only. 

Difficulties of In illustration of the trouble and disputes arising with 

counter-reading . -i ■•. i .t . f . ,. 

consumers owmg to the liability to mistakes m reading the 
dials of these diverse patterns, an engineer informed the 
writer that at a works of which he had charge, and at 
which a large number of meters of different kinds were in 
use, he had such constant trouble from this cause that he 
devised the plan of sen^ng out his meter-readers armed 
with twelve different books, each book containing facsimiles 
of the dial or register of one particular meter. The reader 
then simply marked on the facsimiles the positions of the 
hands, at the same time giving a copy to the consumer. 
These books were then returned to the office to be inter- 
preted. Did any dispute arise subsequently, which rarely 
occurred, it was easily and definitely settled. 

Registers, as regards both reducing gear and dial work, 
are kept small in the effort to make meters as little 
cumbersome as possible, and to keep down their cost ; but 
a clear and intelligible dial should be insisted upon by all 
purchasers. 
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CHAPTEE n. 

WATEB METEB FSAOTICE AT HOME AND ABROAD. 

The great international diversity of practice in the type Type of meter 

of meter used is at once interesting and perplexing, the yariee grreatiy 

class of meter almost universally adopted in one countries, 
country, and with but slight exceptions even in one 
continent, being unknown except by reputation, or as a 
museum specimen, in another. 

In Q-ermany and Austria the inferential meter is used Germany and 

•' . AuBtna. 

to the almost entire exclusion of all others. Belgium Belgium, 
strongly favours reciprocating-piston positive meters, 
while maintaining a fair number of the inferential. 

Holland is in a transitory stage, the inferential being Holland, 
superseded by the positive. In Paris none but positive France, 
reciprocating meters are permissible, although the 
two classes share the trade in the rest of France. Eussia Russia, 
and Italy use both types to a considerable extent, but itaiy. 
hitherto have manufactured none. In Portugal and Portugal, 
some parts of Spain low-pressure meters of the tilting spain. 
order have been widely adopted, but for the past few 
years there has been a disposition to oust them in favour 
of their high-pressure rivals. 

England is the great battle-ground of the advocates England. 
of the various instruments, nearly all of which have been 
tried on a considerable scale at some time or other. The 
various types still contend for the favour of waterworks 
engineers, nevertheless positive meters, especially of the 
rotary-piston type, have gained much ground of late. 
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America. 



Contrast 
between 
American and 
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practice. 



Large con- 
sumption per 
head in the 
United States. 



Registration of 
small flows not 
much redded 
by Americans 
at present. 



Meters are used more largely in America than in any 
other part of the world, and while there are a fair 
number of reciprocating-piston meters with impacked 
pistons at work, the enormous majority are of the rotary 
piston type, and their ranks are being reinforced to the 
extent of about forty thousand new meters annually. 
There are also a few reciprocating meters with packed 
pistons in use here and there, but the inferential type is 
practically unknown. It will be seen that Austro-Gkjrman 
and American practice offer the most strongly marked 
contrast, the reason probably being that in the former 
countries low first cost is an item of the highest im- 
portance. The philosophic Teuton contents himself with 
a fairly accurate instrument at a small price rather 
than strive after greater exactitude at a greater initial 
expense. Then the consumption per capita is very con- 
siderably less than in the United States, which, coupled 
with the comparatively high minimum charge often 
adopted, greatly relieves the strain on both the maximum 
and minimum capacities of the meter. Taking these 
points into consideration the inferential meters, which, 
especially the Austrian, are good of their kind, fairly 
well meet the requirements of the situation. 

Americans use a very large quantity of water per head 
per day, even 100 gallons being by no means rare. They 
therefore need an instrument of greater maximum 
capacity and of greater durability. First cost is a matter 
of no great moment, while the operation of a positive 
rotary-piston meter appeals more directly to their 
mechanical minds than that of the inferential. 

Owing to the plentiful supplies at present available, 
and to the lavish way in which water is used in the 
States, there are but few advocates of the exact registra- 
tion of the very lowest flows; hence the few positive 
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packed-piston meters, and also the undeveloped minimiun- 
flow registration-capacity of the rotary-piston meters at 
present in nse. It is a question, however, with the 
rapidly increasing population, and consequently diminish- 
ing supply of water available per head, whether this point 
will not, in cases of domestic supply at all events, force 
its way to the front. 

Most English engineers have been more exacting in Begistration of 
their requirements than their Continental and American necessity in 
confreres. Animated by a desire to obtain more accurate 
registration of the water consumed, they have tried one 
after another aD the systems available. Water waste can 
be ill afforded in a country so thickly populated, and only 
having the moderate average rainfall of 27 inches 
annually. 

At first the inferential meters, owing doubtless to their Change in 
evident advantages of size and cost, were extensively in^EngSnd. 
adopted, and in some parts of the country they still pre- 
dominate ; but during the last few years a general reaction 
in favour of positive meters has pervaded the country, 
and both the reciprocating-piston and the rotary-piston 
meter have come widely into use. The rotary-piston 
type, although of comparatively recent introduction into 
England, has made more rapid progress in the time than 
any other. The use of low-pressure meters extends over 
a long period, but their application has been limited to 
special purposes and circumstances. 
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CHAPTER ni. 



The three 
chief divisions 
of Purposes for 
which meters 
are employed^ 



No meter at 
present 
adequately 
meets all 
purposes. 



The meter best 
adapted to each 
case should be 
chosen. 



This course not 
always followed 
at present. 



THE PUBPOSES FOB WHICH METEBS ABE BEQUIBED, AND 
THE BESPECTIVB INSTBUMENTS WHICH ABE BEST 
ADAPTED THEBETO. 

The purposes for which water-meters are employed may 
be grouped under three principal, heads, viz. : (1) for 
Municipal or Parochial Service ; (2) for Trade Supply ; 
(3) for Domestic Supply. These, however, may each 
be sub-divided into several minor ones, in nearly all 
of which the conditions of work vary not a little. 
As no meter has yet been produced which will adequately 
fulfil all these varying conditions, it would seem wise to 
select for each purpose the instrument best adapted to 
the requirements of the case ; but several causes at present 
combine to prevent this course. 

The selection of the meter to be used falls either to 
the consulting or resident engineer of a waterworks. If he, 
perchance, has not had opportunity of studying practically 
the art of metering, he naturally selects the cheapest instru- 
ment, or that having the best reputation for the time being. 
Or, if it happens that he has been able to devote but 
limited time to the acquirement of experience in metering, 
it is conceivable that he is unduly influenced by favour- 
able results given by a particular meter in some special 
case, and biassed against other meters which may have 
done badly under similar conditions ; while it is quite 
possible that this has occurred through the one instru- 
ment being the particular one for the specific purpose, 
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and the others unsuited. He then orders on the strength 
of his former experience, and, should the nature of the 
work differ, probably finds the results reversed. Again, 
the desire — and excellent it is in most other cases — for a 
uniform pattern of fittings induces engineers to try to use 
one pattern of meter all through their works. This aspira- 
tion, however, should be stifled at its birth, as the trouble 
caused by meters being put to the wrong work results in 
so much vexation of spirit, that nine times out of ten the 
engineer is induced to try many other kinds of meters. 
Even then these may not get put in the right places 
until continued unsatisfactory results cause a deeper study 
of the difficulties of metering and of their remedies or 
preventions. 

Engineers who still prefer to employ one kind of meter, selection of 
while recognising the fact that aU purposes cannot be ^^x. 
equally well served thereby, have to select that combina- 
tion of good points and bad which appears to them to offer 
the best average under the particular circumstances — of 
pressure, nature of water, and purposes of the work to be 
supplied. It is but human that, given the same conditions, 
there is no unanimity as to the most desirable instrument, 
hence is more strongly accentuated that disagreeably 
evident truth to manufacturers, that no one instru- 
ment will satisfy the ideas and requirements of all 
engineers. One may select the Inferential because Different points 
of its low first cost, accuracy on f uU flows, and small compSativ^ 
bulk, holding that fine flows form so small a portion ?!^^£^*b. 
of the total flow that their non-registration is immaterial. 
Another will say that fine flows are more important than 
others because constantly running through leakage, &c., 
and that unless registered they coach the dishonest 
consumer to steal to the utmost possible drop ; therefore, 
he must have a Reciprocating Piston meter, and if there 
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is water-hammer at occasional full flows — well, no matter ; 
the price is high, but it is worth it. A third will, 
after halting between the opinions of the other two, 
conclude that the Positive Eotary meter is the one for 
him, embodying many of the virtues of inferential and 
reciprocating-piston meters, with a minimum of their 
failings ; and so on. 

Who is to say which of the three is wisest? Q-ood 
arguments can be adduced in support of each, but proof is 
impossible in every case where, as is usual, there is a 
variety of purposes to be served by the one meter. 

It is here contended, and will, it is submitted, be demon- 
strated in the following pages, that all three of the above 
supposititious but representative gentlemen are wrong, and 
that until a meter more nearly approaching the ideal is 
available no one type can properly be put to all existing 
uses. Before considering the conditions appertaining to 
the various uses it will be well to briefly recapitulate the 
salient points of the different types of meters. 

These descriptions necessarily apply to the class gener- 
ally, without reference to any exceptional feature which 
may be presented by particular instruments. 

In doing this it will be well to leave out of consideration 
the low-pressure meters, as the chai'acteristic to which 
iHiej owe their name has precluded their use for many 
general purposes, and restricted it for others. Neverthe- 
less, in some special cases they are very desirable. 

Although many diaphragm meters have been introduced 
experimentally, there are none yet available for active ser- 
vice, so they also must be allowed to fall out of the ranks. 

The waste-water meter is neither intended for nor 
adapted to the use of any but the one purpose, which is 
referred to on page 37; it would therefore be both useless 
and unfair to consider its applicability to other functions. 
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There are then remaining for selection — 

The Ebcipbocating Piston Meters -with packed pistons, ^iSa^^^a 
which possess the special feature of measuring small flows <>' meftera. 
accurately, but which should not be constantly run at 
very high speeds. They are bulky and rather high in 
price. Some are not satisfactory at very low effective heads. 

English Engineers do not affect Eecipsocating 
Piston Meters with unpacked pistons. These have no 
special feature. They are not so efficient as the last class, 
and quickly deteriorate. They are not suitable for fine 
flow work, but some of them may be run at high speeds 
without objectionable concussion. 

The Rotabt Piston Metebs, which cover d< wider range 
of flows than any other class. They may be run at high 
or slow speeds, with high or low pressures, giving 
satisfactory results at all, but they are not suited for the 
constant measurement of the very slowest flows only. 

There is at present a considerable difference in fine- 
flow registration and in durability between Enghsh and 
American rotary-piston meters. 

Then there are the two Inpeeential or Velocity 
Meters, the turbine and the/aii, both of which are good on 
full flows, but indifferent instruments for fine-flow regis- 
tration, which, coupled with their not maintaining their 
initial accuracy when doing heavy duty, indicates their 
employment on supplies of comparatively small quantities 
taken at medium or fairly quick speeds. They are small 
and compact, and of low first cost. 



Water-meters ior parochial or municipal work are used ^on?/MnnU 
in the following services: district or sub-town supply; «*i^ P'»nK)8es} 
road watering; the supply to urinals, public baths, 
buildings, institutions, parks and fountains. 

For trade purposes the work is infinitely varied, small poses ; * ^^" 
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quantities always passing in some cases, large quantities in 
others ; or perhaps the whole supply may be taken in a 
short space of time at a very high rate of flow; then 
again there are supplies in which the flows are irregular, 
both as to rate of flow and as to time. 

Of Domestie jDofiiestic sujpply may be divided into three classes ; 

purposes. intermittent with cisterns; constant with cisterns; and 

constant without cisterns. 

These many uses for water-meters embrace every variety 
conceivable of condition of flow and of pressure ; it will be 
well, therefore, to consider them seriatim. 

MUNICIPAL SERVICE. 

Trnnk Mains. Meters are used on Trunk Mains either to determine the 

total quantity passed into a district or town within the 

boundaries of the supplier's monopoly, or to measure the 

water supplied to some other town or rural authority not 

having a supply of its own. In either case water is almost 

constantly passing at medium and slow speeds, never at very 

high velocities in proportion to the size of main and of 

meter, and very rarely, if at all, at very slow flows. For 

example, repeated experiments at different waterworks 

have given the data for the following table : — 

Average Tnaadrmtm and minimum speeds of flows passing at 

any moment, night or day, in the trunJc and district 

mains, of certain English Towns, shown in gallons per 

hour. 



Diameter of 
Main. 


3" 


4" 


6" 


Maximum ... 


4000 


6500 


12,000 


Minimum ... 


175 


250 


450 
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Still, as the running is continuous, the work done by the end 
of a year is represented by a high figure. The rotary- 
piston meter is best for all such purposes because of its 
greater durability, continuance of initial accuracy, and free 
delivery. The inferential is unsuitable in that it lacks 
these qualities, and that it *' choke-bores " the main ; the 
reciprocating-piston either occasions too great a loss of head, 
or is very cumbersome and noisy for a roadway, under 
which meters for this purpose have often to be fixed. 
In some instances they require frequent attention. 

In connection with trunk and district mains the waste- 
water meter is invaluable in detecting leakage, and should 
be included in the plant of every waterworks where the 
authorities are not content to let a heavy percentage of 
the water pumped run to waste. 

It is indeed a matter of some surprise that a system 
which effects so great an economy at so small a cost has 
not been more widely adopted, and it may not be out of 
place to give the results attained in some few of the towns 
where the waste-water meter has been used : — 



The Meter 
modt suitable 
for use on 
Trunk Mains. 



Detection of 
Waste by the 
Waste-Water 
Meter. 



Economy 

effected 

thereby. 



XTame'of "Town or 
Waterworks. 


Consumption per head 
in gallons before the 
introduction of the 
waste-water meter. 


Consumption per head 
in gallons alter the 
introduction of the 
waste-water meter. 


Abergavenny 
Bath 


42 
36 


17-2 
12 


Birkenhead 


2401 


17-7 


Bolton 


32-52 


14-8 


Boston, U.S.A. ... 
Bradford 


95 XJ.S. galls. 
22-47 


50U.S. gallB. 
14-35 


Carlisle 


42-5 


24 


Chelsea Water Co. 


40 


16 


Chester 


31 


13-5 



Besults 
attained by use 
of Waste- Water 
meters. 
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Nam« of Town or 
Waterworks. 


Consomption per head 
in gallons before the 
introduction of the 
waste- water meter. 


Consumption per head 
in gidlons afver the 
introduction of the 
waste-water meter.* 


Clevedon 


40 


20 


Exeter 


60 


25 


East London) 
Water Co. > 


26-63 


16-14 


Gloucester 


32 


17 


Glasgow 

Hereford 


61-3 
53 


40-8 
24 


Hertford 

Lambetli Water Co. 
Lancaster 


38*5 (intermittent) 
36 (intermittent) 
51-37 


17-5 (constant) 
24-8 (constant) 
34-36 


Leamington 

Liverpool ... •< 

New Eiver Water) 
Company „.} 
Portsmouth 


23 

33-6 (constant) 

24-47(intermittent, 

exclusive of trade) 

26-4 
36 


16 
\17 (constant 
> exclusive of 
) trade) 

1406 
18-3 


Southampton 
Southwark & Vaux-) 
hall Water Co. ) 


60 
3809 (intermittent) 


39-5 
22'23(constant) 


Stamford 


24 


18 


Salisbury 

Kent Waterworks 


50 
169 


31-66 

98 


Company 


per house 


per house 



*In some of the above cases the figures refer to certain districts only, 
as the whole of the town or works was not metered. 

Inspection with the aid of a waste-water meter is dis- 
criminate search after a proved leakage, instead of the 
usual indiscriminate and aimless hunt after waste that is 
vaguely believed to exist — somewhere. 
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But althougli these instruments are altogether eflBlcient 
for the detection of waste, it must be borne in mind that 
they are' neither intended for nor adapted to the actual 
measurement of the total quantity passing through a 
main. 

For Eoad Watering purposes the most suitable meter Eoad Watering* 
is the inferential. Although the water is all passed at 
full bore, yet the total quantity taken during a season is 
small, as the meters do absolutely nothing between each 
time of filling the water-carts. Therefore the initial ac- 
curacy is not likely to become impaired, and as the general 
practice is to remove these meters in the winter, when they The meter mort 
are not required, to avoid the risk of damage by frost, there J^ watorfng. 
is ample opportunity of re-testing and examining them at 
a very small extra cost, before they are replaced for the 
next season's work. The restriction to the rate of flow 
caused by instruments of this type is partly counter- 
balanced in the case in point by the absence of counter- 
pressure, which condition is adverse to piston-meters of 
either type. 

The smaU bulk of inferential meters enables them to be 
conveniently placed under the " side- walks," close to the 
base of the stand-posts they supply. As it is usual to 
select meters for this purpose by their nominal size rather 
than by their rate of delivery, they also show an advantage 
in first cost. 

The supply to Urinals is the exact reverse of the one urinaia. 
just considered. Instead of a few intermitt.ent flows at 
high speeds, there is a constant flow throughout the whole 
twenty-four hours at slow or very slow speeds, according 
to the size of the urinal ; this rate may perhaps be varied 
for a few minutes once a day, when the place is washed 
down and cleaned out. Except in the large urinals, Appropriate, 
where rotary-piston meters may be also used, recipro- ^^er. 
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PnUic Baths. 



Swimming 
Baths only. 



Appropriate 
Meter. 



PubUc 
Buildings, etc. 



eating meters with packed-pistons should be used in 
preference to all other types. If the pressure be low, 
the single-cylinder meter is preferable, as it works 
with a smaller head than any of the two-cylinder class, 
owing to the nature of the piston packing. 

Public Baths' supply involves a heavy strain on the 
meter, as the consumption is very large in proportion to 
the size of the supply pipe, and consequently of the meter 
also. The work is spread over a good many hours, 
but is very irregular. Some departments of such an 
establishment require a fairly regular and constant supply, 
such as the private hot-bath department; but others, 
for instance the washhouse, to which the women flock at 
regular hours, and the swimming baths, which are emptied 
and refilled occasionally, cause a very fluctuating demand 
on the water supply. 

The amoimt of work to be done renders it imperative 
to use a meter of great durability ; the rotary-piston type 
is therefore the best where all purposes are combined in 
the one establishment. 

For a Swimming Bath only, the inferential meter should 
be used, the total consumption being comparatively low, 
while the speed of flow is uniformly high. Swimming 
baths not only have to be filled at full bore, but, being 
below the ground level, entail a greater strain on the 
meter, by reason of there being no back pressure. It 
is advisable in such cases to reduce the size of the outlet 
by about half its diameter for a few inches of its lengthy 
this will not decrease the rate of delivery 5 per cent., 
and by creating just sufficient back pressure to support 
the working parts, will save the wear and tear of the 
meter 60 per cent. 

Public Buildings, Town Halls, Libraries, Museums, &c., 
contain urinals and lavatories which create a constant use 
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of water ihrougliOTit the day in fairly large volumes. The 
large cisterns with which they are usually furnished, 
and the number of water-fittings there are in which 
leakage may occur during the night, or at such times as 
the ordinary business of the place may be suspended, 
render it necessary to have a meter sufficiently sensitive 
to register fairly small flows. At certain times during 
the open or working hours the consumption may be 
very heavy ; for instance, there may be lifts and organs to 
be worked in addition to the already large requirements 
for sanitary purposes. 

Also, there are fire-hydrants which it is of the utmost 
importance should be supplied with water without 
material reduction of the main pressure, without check to 
the flow, and without concussion. 

Eotary-piston meters should be employed for all such ^i^^"**® 
purposes— or at least in all but the smallest institutions, 
where the flow may be constant but very small, in which 
cases the reciprocating-piston meter should be used, but 
then of a larger size than would at fii-st seem necessary, 
so that the fire-hydrant requirements shall not be Fire hydranta 
compromised. Objections are sometimes raised on the 
score of want of control over the uses to which it 
may be put, to giving the fire-hydrant supply through 
a bye-pass; otherwise this may be advantageously 
done. 

Drinking Fountains, horse and dog Water Troughs, and Drinkinj? 

n T.T n 1 . ,, rountains, 

very small public gardens or open spaces having a small water TroughB, 
fountain, either for ornamental or drinking purposes 
should be metered in the same way, and for the same 
reasons, that urinals should be, i,€., with meters of the 
reciprocating packed-piston type, attention being given ^^p"**® 
to the fact that for fountains for ornamental purposes 
a meter with two pistons of unequal diameters will cause 
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a variation in the height of the jet at every change of 
stroke. 
FabKoGaxdens, In Public Q-ardens, Parks, and Eecreation Grounds 

etc. 

where water is used for ordinary garden purposes, the 
rotary-piston meter is preferable, because the quantity 
used is considerable, and the rate of flow very varied. 

Fountains, excepting those above referred to, using 
only very small flows, should be supplied by inferential 
meters, the pulseless deliveiy of which renders them well 
suited to the work. It is recommended that the meter 
should be of a size nominally larger than that of the 
supply pipe, in order that the full statical head may be 
available at the fountain. It is customary for foun- 
tains to play at intervals only ; the durability of the 
instrument will not be taxed if this suggestion as to its 
size be carried out. 
Pinshing The Water used for Flushing Drains is often taken from 

^^^^** , the water-carts or "hydrostatic vans." It has already 

Meter. been suggested under the head of "road watering" that 

the inferential meter is best adapted for this purpose. 
At other times water is used from the flre-plugs and paid 
for under agreement. 



TSADE PrBPOSBS. 

"Trade Purposes" embrace such a multiplicity of 
uses that it is impossible to consider them individually 
without increasing the limits of this chapter to a 
tedious extent. But by considering the different com* 
binations of conditions that exist in these many 
purposes it is easy to indicate the most suitable instru-- 
ment iot each of them — ^in other words, to " prescribe for 
the symptoms." 
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Eeviewing water-supply for trade purposes as a whole, Trade pmoses 
it is evident from the very fact of water companies and necessitate use 

, , of large quanti- 

corporations taking power to make separate and additional ties of water, 
charges for such, that quantities in excess of those supplied 
under the rating system for household purposes are ex- 
pected to be used. Broadly, therefore, the meter which 
combines in itself the greatest capacity of delivery, 
durability, continuance of initial accuracy, small cost of 
maintenance and first cost is the best : that is, the rotary Appropriate 
piston meter is the best adapted for the measurement of 
water for trade purposes in general. 

There is, however, such an enormous divergence in the 
nature of the work to be performed that there is occasion 
to utilise in a greater or less degree all the best classes 
of meters at present in the market. 

Inferential meters may be used where the consumption &°*&2"**^?" 
is comparatively small but taken at high or medium higt ve^citieg 
velocities and used immediately without going through immediately, 
any intermediate storage on the consumer's premises, 
so that there can be no possibility of the same quantity 
being gradually taken at a low velocity — ^at which the 
registration of an inferential meter would not be satis- 
factory — and stored untU it is required. 

For instance, water for ship-supply could be econo- JB.flr., Ship- 
mically and satisfactorily measured by these instruments, 
as it is necessary that a ship's tanks should be filled 
quickly — which may take three or four hours through a AT)propriate 
2 in. meter, passing perhaps 15,000 to 20,000 gallons — ^but 
then the water is shut right ofE, and there may be no 
further use for the meter for many days. The work done 
in a year would, under these circumstances, be little. In 
the case of a supply from which ships were being 
constantly watered a rotary-piston meter would be 
preferable. 
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Small flows 
constantly 
running. 



Appropriate 
Meters. 



Other condi- 
tions of supply 
for trade por- 
poaee. 



Appropriate 



The inferential meter may be used for other similar 
work, but in no case to deliver into a cistern water not 
required for immediate use; otherwise a large quantity 
may be constantly obtained at slow speeds during the 
non- working hours absolutely unregistered. 

Low-pressure meters can be used — where the particular 
risks attaching to this system (see page 19) are not con- 
sidered of moment — for the constant supply of small 
flows, where the nature of the business renders large 
cisterns or tanks placed on the top of the premises sup- 
plied a convenience ; also where the main-pressure is but 
little in excess of the height of the building. In other 
cases reciprocating (packed) piston-meters should be used 
where there is constant supply of water at very slow 
velocities into cisterns, whether or not varied occasionally 
by larger flows. Should the available working pressure be 
less than that due to twenty-five feet head, it is desirable to 
use the Kennedy meter, as it requires a much lower 
effective head than those meters which have cup-leather 
pistons. 

The rotary-piston meter well meets all trade purposes, 
excepting some of those just enumerated. In all cases 
where the flow varies from the full maximum of the 
supply pipe down to small flows of seven to ten gallons 
per hour, it accurately discharges its duties of meter, and 
it supports the heavy work incidental to large supplies in 
a way that no other type can approach. Its great 
durability, continuance of initial accuracy, small cost of 
maintenance, render it by far the most reliable and 
economical instrument in supplying sugar refineries, 
breweries, boilers and condensers, "works" of every 
description, hotels, publichouses, etc. It is well 
adapted to measure the water used in working 
hydraulic cranes, lifts, etc., because of the exceptionally 
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small head absorbed — i.e., resistance offered — by the 
actuation of the meter and of the uniformly full port- 
area during the whole cycle of movement, so that whether 
it is placed on the inlet or on the outlet of the hydraulic 
apparatus, no check is offered to the flow, thus allowing 
the full " duty " to be obtained. A reciprocating meter is 
ill-adapted to this work, because the high velocity of flow 
suddenly passing not only strains the instrument but 
causes concussion and retardation. 

Inferential meters generally ** choke-bore " the 
flow, and thus reduce the power and speed of the 
apparatus ; in addition to which, owing to the 
momentum imparted by the high velocity, the fans 
or turbines may continue revolving and registering 
after the flow has ceased. 

There is one use of water for trade purposes which Supply of feed 

• 1 X- j.T_ J. • XT. • -1 J X J water to boUers 

requires special notice — that is, the ingenious plan adopted direct by 
in some towns which have a sufficiently high pressure in tive head, 
their mains, of supplying the feed-water to boilers direct by 
utilising the effective head, thus dispensing with both 
feed-pumps and injectors. In most places this method 
of boiler-feed is expressly prohibited by the waterworks 
regulations. The injection, in this way, of cold water into 
a boiler cannot be an economical arrangement for the 
consumer. But where it is done, it is very necessary 
to use a good reflux — or check — ^valve between the boiler 
and the meter, as it frequently happens in such cases either 
that the main pressure runs down or that the boiler 
pressure runs up, and then if the difference of 
pressure is in favour of the latter, the boiling water 
is forced back through the meter, probably with 
serious damage to the working parts. The meter Appropriate 
should be placed as far as possible from the boiler ^®*«"- 
to avoid overheating by conduction when no water 
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is passing. The meter should be of the reciprocating- 
piston type for small boiler feeds, whether working 
direct or into a tank. For medium and large boilers 
the rotarj-piston meter is preferable. 



Appropriate 



VarioiiB condi- 
tions of *' mixed 
supply." 



Appropriate 



Approp] 
Meters. 



Mjzed supply 
should be 
entirely by 
meter. 



** Mixed Supply " — that is, water supplied for domestic 
and also for trade purposes through the same pipe — maj 
be either constant or intermittent. K the former, the 
meter should be either of the reciprocating-piston, or of 
the rotary-piston class, according to the probability or not 
of very slow flows — of six gallons per hour and under — 
running during the greater part of every twenty-four 
hours. Such conditions are only likely in small houses^ 
such as barbers', greengrocers', etc. In large residential 
business-houses these continuous dribbles are less likely, 
while there is almost certain to be a considerable 
demand for full-bore supply. K mixed supply be inter- 
mittent, then the inferential meter may be used for the 
smaller houses, and the rotary-piston for the larger ; but it 
is wiser in all such cases to use that instrument which will 
pass the required quantity in the given time at the lowest 
first cost and cost of maintenance. (See Comparative 
Price Table, page 68.) 

All ** mixed supply '* should be by meter, instead of 
partly by rate and partly by agreement as now usuaL 
The change would be found considerably to the supplier's 
advantage. Small publicans, greengrocers, and other small 
traders who draw their trade water from their house 
cisterns, secure in nineteen cases out of twenty a great 
advantage over the supplier by paying a small agreed 
sum extra, instead of paying by measure. For example, 
photographers often keep a small stream of water running 
night and day through their washing-trays and use a much 
greater quantity in this way, when totalled up at the year's 
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end, than would seem possible to anyone noticing the 
innocent-looking dribble going down the waste. Hair- 
dressers and barbers also use a quantity largely in excess 
of that provided for in the extra charge paid by them 
to meet that consumption. 

Domestic Supply. 

Domestic Supply by meter is a matter that involves 
great circumspection in the choice of the instrument. 

It is possible to meter all such supplies with a minimum 
of trouble and a maximum of accuracy, by using the in- 
strument adapted to the circumstances of each case or 
class of cases; but by ignoring the conditions of these 
supplies it is equally easy to obtain diametrically opposite 
results. 

The most important conditions that affect this selection Three condi- 
are — ^first, whether the supply is to be constant or inter- fir^Domestic 
mittent; and secondly, are cisterns to be retained or ^'^*«' 
not? 

With intermittent supply, cisterns are, of course, a sine 
qud non, but with constant supply they may be either 
retained or abolished, and before considering these three 
different combinations of conditions, it is worth while to 
briefly enumerate the pro*8 and con* 8 of the cistern 
question with constant supply. 

The most cogent argument in their favour is the ad- Advantages 
vantage of having a reserve to draw on in the event of the ^' <»b*«™*- 
supply being temporarily interrupted. The annoyance 
and even danger of being suddenly deprived of all water 
would be almost insupportable. The number of purposes 
for which water is constantly needed testifies strongly to 
the great value of a reserve of this commodity in a house. 
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Disadvantages 
of cisterns. 



Cleansing of 
cisterns. 



Constant 
Supply, with 
cisterns. 



*0n the other hand, great danger to health attaches 
to the use of cisterns because, in the first place, the great 
majority of people have the comfortable but utterly 
fallacious idea that because a cistern is daily replenished 
with fresh water it needs no other cleansing, whereas the 
bottom of a cistern — particularly where the outlet pipe is 
fixed an inch or two above the bottom, producing an 
amount of constantly stagnant water — ^becomes the resting 
place of the accumulated dirt and dust of years, to say 
nothing of its frequently providing a watery grave for 
adventurous but unfortunate mice and blackbeetles. 

In the second place, the unscientific and insanitary way 
in which water closets are too often connected to cisterns 
allows the sewer gas to contaminate the water. 

Cisterns should be regularly cleaned every three months, 
or at the very longest every six, otherwise there is grave 
risk of their originating fevers and other illnesses. The 
less a cistern is used the oftener it should be cleansed, 
as it is less scoured by the passing water. 

Whatever conclusion may be arrived at in the abstract, 
the probability is that, actually, cisterns will be retained as, 
no matter how radical our politics, we are too conservative 
in the internal economy of our houses to readily acquiesce 
in so sweeping an abolition of existing institutions. 

Constant Supply to houses with Cisterns involves a flow 
of greater or less quantities during the whole twenty- 
four hours ; this will probably vary from the full flow due 
to the head and capacity of the meter down to the finest 
dribbles of half a gallon or a gallon an hour, — the small 
flows occupying by far the greater portion of the time. 



♦A large proportion— varying from one-fonrth to one-haJf— of the 
totaJ daily constimption being drawn within the space of a conple of 
honrs in the early morning, the presence of cisterns is valuable also as 
equalising the draught on the water-mains. 
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The only periods of the day when the meter will be Bate of flow at 

J *■ </ . yanouB timet oi 

working fnll-bore is the morning, when baths, water the day. 
closets and kitchen are all drawing (either simultaneously 
or with little or no interval), or at night when the same con* 
ditions may be present ; then the water level in the cistern 
may be so lowered that the ball-cock is full open, but as 
the consumption becomes more intermittent .and reduced it 
gradually closes : the flow will probably be reduced to a 
few gallons per hour, at which it will remain until bed time. 
Now, if no more water were drawn ofE and the ball-cock 
were sound, the flow could die ofE to nothing in an hour ; 
but in nearly every house there is a slight leakage going on 
at one or more of the fittings—sinks, baths or closets ; 
it may not be more than a drip at any one of them, but 
all these make in the aggregate an appreciable quantity, 
perhaps one or two gallons per hour or even more. [It 
would hardly be credited by those who have not made the 
experiment that six drops a second mean about one gallon 
an hour, or nine shillings a year at a shilling per thousand 
gallons]. Taking the consumption, under the above cir- 
cumstances, at 100 gallons in the twenty-four hours, the 
times and rates of flows would be approximately as 
follows : — 



Time. 


Average rate 

of flow in 

gallons per 

hour. 


Qnantity 

passed 

in gallons. 


Remarks. 


11 p.m. to 7 a.m. 
7 a.m. „ 9 a.m. 
9 a.m. „ 7 p.m. 
7 p.m. „ 11 p.m. 


1 

20 
3-5 
4-25 


8 
40 
35 
17 


..Baths, w.c.'s, 
...Cooking, scrub- 
bing, etc. 



Subjoined is a tabular statement of the results given b^^^^ 
by a reciprocating packed-piston meter fixed on the supply J^lk>npOT 

hour. 
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to a house in which ten persons were living, four of 
whom were children. 

The meter was read every hour between 6 a.m. and 10 
p.m. for eight days. It was tested immediately before the 
experiment and found to register accurately within 2% plus 
or minus on all flows down to half-a-gallon per hour. 

The supply was nominally ** constant with cistern," but 
for some reason it was shut oft in the small hours of 
some mornings and remained so until about 9 a.m. 
Hence the maximum registration occurred between 9 and 
10 a.m., although the maximum draught from the cisterns 
was between 8 and 9 a.m. 

Average consumption of water per hour from 6 a.m. to \Op,m, 
for eight days in a house containing 10 persons* 



Betwee 


IT 6 s 


ei.m. 


and 


7 


a.m. 


7 Gallons. 


»» 


7 


99 




8 




4-5 


ff 


» 


8 


9> 




9 




... 13 


9» 


>» 


9 


>» 




10 




... 36 


ff 


>» 


10 


» 




11 




... 20 


»f 


» 


11 


ff 




12 




... 11 


ff 


>f 


12 


f9 




1] 


p.m. 


... 10-5 


» 


>» 


1 


»9 




2 




4-6 


ff 


>» 


2 


9f 




3 




9 


ff 


ff 


3 


ff 




4 




3 


ff 


» 


4 


ff 




5 




... 11 


»» 


99 


5 


ff 




6 




7 


ff 


f» 


6 


ff 




7 




6-6 


f» 


» 


7 


ff 




8 




4 


ff 


)» 


8 


ff 




9 




4 


ff 


»> 


9 


>f 




10 




2-5 


>f 




Average per day . . . 


... 163-6 


ff 














■■" 





* Arersge per head per day, 16'8 GhJlons. 
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It will be seen that the supply passed into the cisterns 
at the following rates : — 



Percentage of Total 
Supply. 


Average rate per hour at which per- 
centage was taken. 


14-65 
19-22 
42-67 
23-46 


6 gallons per hour and under. 
10 to 6 gallons per hour. 
20 to 10 
Above 20 


100-00 


9*59 gallons per hour. 



In many individual hours there were of course moments 
when the average rate for that hour was much exceeded. 
For instance, between 9 and 10 a.m. the rate was some- 
times 240 gallons per hour — but for a few minutes only. 
These quick flows were counterbalanced by a flow 
correspondingly slower than the average for the remainder 
of the hour. 

The above tables show that, to register the whole or 
even the greater part of the water supplied under such 
conditions, it is imperative that the instrument used 
should be capable of measuring flows of the very lowest 
velocities. 

Eeciprocating packed-piston meters are, therefore, essen- '^^J^J?*®*^ ^®"* 
tial in all such cases, excepting only those places where the "^'^ ^^' 
pressure is insufficient to overcome the friction incidental into daterni. 
to this type of meter. These instances are few and far 
between, but they occur sometimes at the highest point of 
a district. Positive low-pressure meters are then most suit- 
able, as they register every drop that passes and require 
an infinitely small head to actuate them. 
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Such supplies, though nominally constant, are often 
practically intermittent, because during the periods when 
the draught on the mains is greatest the pressure in the 
mains becomes so reduced that the water recedes from 
the highest parts of the districts supplied, and only 
becomes available when the consumption has ceased or is 
reduced in the lower parts of the district. 
Importance of I* IS asserted, and is carried out in practice in some 
tfioSS.*'^* cases, that a high minimum charge is the great desidera- 
tum when domestic supply is paid for by meter, and that 
the non-registration of flows of low velocity is of little or 
no consequence. 

But it seems demonstrable that this method deprives 
both supplier and consmner of the advantages that 
should be enjoyed under the meter system. 

The employment of an instrument that does not 
register fine flows means that a large proportion — pro- 
bably even the greater portion of the water used — is not 
paid for, because not registered, and, however high the 
minimum, the consumer will, more often than not, use or 
waste until the meter shows he has had the quantity 
covered by the minimum charge, so that all the unregistered 
water is absolute loss to the supplier. Further, he has no 
inducement to prevent waste, or, at least, such portion 
of it as is covered by the margin that often exists between 
his actual requirements and the minimum quantity paid 
for ; he is obliged, as under the rating system, to pay for 
more than he needs. 

The only advantage is that the meter acts as a sort of 
scare-crow and prevents a certain amount of deliberate 
waste after the minimum for the quarter has been once 
reached. Perhaps an instrument that made a good noise in 
working would serve the purpose well, as it would then act 
as a sort of conscience when the "still small voice" was silent. 
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A fair minimuni, however, is indispensable for domestic Sanitary 
supply, for sanitary reasons ; as much water being required, 
for instance, for sewage purposes by six people living in a 
house costing £20 a year as by six persons living in a 
house worth £200 a year. But in order to secure to 
consumer and supplier alike the full benefits of the meter 
system, the sanitary minimum should be kept to the very 
lowest point consistent with its purpose, and a meter should 
be used that would correctly register all the water used. 

The rotary-piston meter is preferable for "Constant Constant 
Supply without Cisterns," as it has a larger and more cisterni. 
constant delivery than any of the other types, while its 
registration on fine flows is too good to tempt the con- Appropriate 
sumer to dishonesty, by allowing water to be run slowly 
into baths or tubs, etc., without registration, as is done with 
inferential meters. But where the number of con- 
sumers' supplies through one meter is large, as in most 
Continental towns, the inferential meter may also be 
used with good results. In such cases very small 
flows are so rare as to be negligeable quantities. Most 
reciprocating-piston meters, in addition to giving 
a reduced flow, which means annoyance and waste of time 
to those drawing the water, are apt to cause concussion 
when working at full bore, which is injurious to the 
fittings, straining and making them leak : they are also 
more costly. * 



♦ Since the above was written, a paper by Mr. Henry Gill,- the 
engineer and manager of the Berlin Waterworks, entitled " The Sale 
of Water by Meter in Berlin," has been read at the Institution 
of Civil Engineers. Mr. Gill mentions that Berlin is supplied with 
water entirely on the meter system, the supply having oeen found 
inadequate under the rating method ; the meters are all inferential ; 
the supply is constant without cisterns. Owing to the fact that each 
house supplied contains a number of families living in flats, each 
meter supplies water for an average of sixty-seven people ; small flows 
are therefore very exceptional. The results obtained appear very 
satisfactory. 
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Intermittent 
Supply. 



Appropriate 
Meters. 



Summary of 
purposes and 
most suitable 
type of meter. 



When the Supply is Intermittent the only considera- 
tion of importance in selecting the meter is that it 
shall have a sufficient delivering capacity to fill the cisterns 
or tanks on the premises supplied, in the twenty or thirty 
minutes during which the water is turned on from the 
mains. It does not matter whether the meter be 
inferential, reciprocating-piston, or rotary-piston ; the 
flow being all full-bore, so far as performance goes there 
is nothing to choose. Decision should be governed en- 
tirely by price, and that meter selected which, regardless 
of type or nominal size, can be most cheaply bought and 
maintained to deliver the required quantity in the given 
time with efficient registration. 

Summary of the different purposes for which Water is 
' supplied by quantity, and of the type of meter best 
adapted to the requirements of each. 



Purpose. 

Trunk or district mains 

Ditto, to detect waste 

Road watering 

CTrinals 

Public baths 

„ swimming bath only .. 

Public buildings. Town HaUs, 
Libraries, Museums, &c.... 

Ditto, with small consump- 
tion 

Drinking fountains and horse 
troughs 

Small open spaces, with 
miniature fountains 

Public gardens, parks, and 
recreation grounds 



Type of Meter. 
Rotary piston. 
Waste-water meters. 
Inferential. 

Reciprocating packed-piston. 
Rotary piston. 
Inferential. 

Rotary piston. 

Reciprocating packed-piston. 

Reciprocating packed-piston. 

Reciprocating packed-piston. 

Rotary piston. 
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Purpose. Type of Meter. 

Fountains Inferential. 

Gheneral trade purposes . . . Eotar j piston. 
Trade purposes requiring 

small intermittent supply 

without cisterns ... ... Eotary piston, or inferential. 

Trade purposes requiring 

constant supply at very low 

velocities Eeciprocating packed-piston. 

Some special trade purposes 

(p. 44) Low pressure. 

Hydraulic power * Eotary piston. 

"Mixed supply" to small 

consumers ... ,., Eeciprocating packed-piston. 

*' Mixed supply " to medium 

and large consumers ... Eotary piston. 
" Mixed supply/' intermittent Inferential or rotary'piston, 

according to cost. 

Small boiler supply Eeciprocating packed-piston. 

Large boiler supply . . . Eotary piston. 

Domestic supply, constant, 

with cisterns Eeciprocating packed-piston. 

Domestic supply, constant, 

without cisterns Eotary piston or inferential. 

Domestic supply, intermit- 
tent Eeciprocating piston, rotary 



piston, or inferential* 
according to cost. 
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CHAPTEE IV. 



THE PRICES AND THE VALUES OF WATER METERS. 



The true 
measure of 



•iderations. 



The price of a meter is a point that is naturally of great 
weight with purchasers, but it is doubtful whether many 
do not entirely ignore or misapprehend the true measure 
of price. It must be gauged by three distinct con- 
pice gwi»ed by siderations, and not by the nominal size by which the 
instrument may happen to be distinguished in the manu- 
facturer's catalogue. These considerations are : — 

1. Is the meter suitable for the particular purpose 
for which it is required ? (See chap. III.) 

2. What is its delivering capacity in relation to its 
price? 

3. What is its cost of maintenance ? 



The meter 
must be suited 
to the work. 



To refer briefly to these points seriatim. With regard 
to the first and most important point it will be seen 
that if a meter be put to work for which it is 
unfitted, so that loss of registration occurs, the cost to 
the supplier is increased by the amount of that loss. 

For instance, an Inferential meter, costing say <£2, is 
put in at an u^nal to measure a constant dribble : the result 
assuredly being the loss of registration of three-quarters of 
the consumption — or, say, about £2 15s. per annum. In 
one year, therefore, the cost of that cheap Inferential 
meter will have amounted to more than the cost of 
the more expensive, but suitable, Positive meter. Similarly 
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it may be shown that a Positive meter, if put to work 
for which an Inferential is better adapted, has its already 
higher price augmented. 

This paramount condition having been satisfied, the 
question then is ; what delivering capacity has the meter at 
a given head, and what is the highest speed at which it 
can be worked without suffering damage ? These capa- 
cities must be considered in relation to the cost of the 
instrument. 

For instance, there may be found in one manufacturer's DeUrering 
catalogue a meter described as f -inch — that is with |-inch Sot^nomimd 
diameter inlet and outlet — which is priced at £4 10s., and SLtSoetr^" ^ 
stated to pass 1000 gallons per hour at 100 feet effective 
head, while in the price list of another maker a meter of 
}-inch nominal size is priced at £6 lOs., with a capacity of 
1750 gallons per hour at the same pressure ; the 
corresponding figures for the ^-inch of the latter make 
being £S 17s. 6d., and 1000 gallons. As a general 
rule when a meter has to be fixed, it is not a 
question of nominal size but of quantity of water to he 
delivered per hour ; and it is evident that in all such circum- 
stances the I -inch of the latter maker would be as adequate 
for the duty as the |-inch of the first. So if the meters 
of the two makers were compared by size the former 
would appear the cheaper, but if by capacity the latter. 

Again there may be — indeed are — two different meters 
of the same nominal size, which let us distinguish as A 
and B : — 

" A " costs <£5 5s., and will deliver 1610 gallons per 
hour, at 50 ft. effective head. ** B " costs £2 7s., but will 
only deliver 600 gallons at the same head. " B " would 
be the cheaper meter only in those few cases in which a 
certain nominal size of meter was specified without regard 
to capacity of delivery. In other cases *'A" would be 
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Insoffioient 
data as to 
delivering 
capacity given 
bj makers. 



Tests made to 
supply above 
denciency. 



the cheaper, as it deliyers 306 gallons for eyerj pound 
sterling of cost ; while " B " only delivers 255 gallons 
for the same capital expenditure. 

Unless other data be used than the particulars given in 
the catalogues of the manufacturers, it is impossible to 
compare the prices of different meters by the light of their 
capacity of delivery. Some makers give no figures as to 
the delivering capacity of their meters; some give the 
quantities delivered, but omit to say at what effective head 
the results are obtained ; others, again, give the quantities 
and the heads, but do not describe the connections ; while 
all the data necessary are given by one or two firms 
only. 

In order to better illustrate the great difference in the 
price-value of meters, six meters of different manu- 
facture — four positive and two inferential, all of them of 
types in general use — of each size, from ^-inch to 1-inch, 
were tested at cei-tain waterworks. The following Tables 
are compiled from the results : — 



Comparative Price-Values op certain Meters. 





Type of Meter. 


Delivering Capacity in 

gallons per honr per 

£1 of cost. 


Tabulated 
results of 
tests. 


^/^-iNCH Positive M 


!eters. 




Reciprocating packed-piston, A ... 


136- 




»> » ft x5 ... 


156-3 




»> »> ft c ... 


71-2 




Rotary piston 


2607 




^/^-iNCH Inferential 


Meters. 




Rotary turbine 


1506 




Rotary fan 


186-6 
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Type of Meter. 


Delivering Capacity in 

gallons per honr per 

£1 of cost. 


%-iNCH Positive Meters. 


Reciprocating packed-piston, A ... 
» » ft -D ... 

» 99 >» ... 

Eotary piston 


J611 
205-1 

68-7 
290-6 


%-iNCH Inferential Meters. 


Rotary turbine 

Eotary fan 


294-5 
321- 


1-iNCH Positive Meters. 


Reciprocating packed-piston, A ... 
»> >» >» -D ••• 
>• >> »» ^ ••• 

Eotary piston 


1701 

225-5 

70-4 

311-7 


l.iNCH Inferential Meters. 


Rotary turbine 437* 

Eotary fau 344-6 



It is generally accepted that inferential meters are comparative 
cheaper than positive, but it will be seen from the above positivt^and* 
figures that the comparison of cost, based on delivering ^J^ra***^ 
capacity, is dependent on the size. Of the above ^-inch 
meters, a positive is the cheapest. Of the |-inch there is 
but little difference between the two classes ; while of the 
1-inch the difiference is much in favour of the inferential. 
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It is worthy of note that of these l-inch meters the 
cheapest inferential is six times cheaper than the worst 
of the positive. 

It does not follow, that because in this mode of calcula- 
tion, an inferential in the larger sizes, and a positive in the 
smaller comes out the cheaper, therefore for all lai^e work 
an inferential meter should be used, and for all small work 
a positive. As is shown elsewhere, other factors must be 
taken into consideration, viz., cost of maintenance, and 
above all — indeed, including all — suitability for the pur- 
pose for which the meter is intended (see chapter m.). 



have greater 
deliyermg 
capacity than 
inferential 
meters. 



: hour 



£?yf ^te^'' The average flow in gallons per ] 

deliyering 

Of the % - INCH Meters was — 
Positive 1&? I Inferential 

Op the %-inch Metebs — 
Positive 1148 | Inferential 

Of the 1-inch Meters — 
Positive 1648 I Inferential 



402 



843 



1444 



The average flow of the positive meters would have been 
much in excess of that indicated by the above figures, but 
for the meters of one manufacture which gave an extra- 
ordinarily small delivery. 

Of all the i-inch meters, the best — a positive — delivered 
1108 gallons per hour. Of all the 1-inch meters, the 
worst — also a positive — delivered but 739 gallons per hour ; 
in other words, it would need one and a half of the 1-inch 
meters of the latter make to do as much work as one J -inch 
meter of the former. 

The greatest difference in the quantity of water delivered 
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l-iN. Met] 



a 1-in. full-way 

h 1-in. iron ban 

c 1-in. to i-in. i 

d l-in. rubber t 

e f -in. pipe, 6 ii 

/ 1-in. Meter. 



Fac* p. 60. 
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by meters of the same nominal size occurred with the 
i-inch meters, one of which passed 1108 gallons in an hour, 
while another only passed 320 gallons in the same time. 
This great difference cannot be regarded as peculiar to 
tbe one size, as the f -inch and the 1-inch meters of different 
types varied to an almost equal extent. 

It is granted that the tests upon which the above 
tables are based were not made in the elaborate and 
laborious way from which scientifically accurate generaliza- 
tions maybe deduced.* But they are accurate enough for 
practical purposes. 

The remaining point affecting the question of price is Coat of 
** cost of maintenance." Let it be assumed in order to more 
easily appraise the importance of this element that the first 
cost (price), gauged by capacity, of certain different kinds of 
meters is equal, but that the cost of maintenance is 12 per 
cent, in one, and 3 per cent, in another. In ten years the 
difference of cost will be equal to 90 per cent, of the original 
price. This may be thought a fanciful case for which no 
justification could be found in actual practice, but the 
reverse is the fact. Now and again by a singularly adverse 
concatenation of circumstances cases occur which show importance of 
a stm more startling difference of cost of measurement. Se^owfgt 
For example, a high-priced meter, having normally a high ^*®^^®* 
rate of maintenance, is put to a purpose to which it is ill 
adapted — say, to work full-bore at a high effective pressure 
with little counter-head — consequently it is always "in hot 
water," its already high maintenance being increased 60 per 
cent. Its price being originally, say, £10, it may cost to 

* Had pipe-friction been eliminated, for instance, the results wonld 
have been sligbtly more favonrable to the positive meters, because those 
giving the greatest deliveries must necessarily have suffered the 
greatest loss of head from the friction in the inlet and outlet pipes. 
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maintain, during ten years, ,£15 or £20. The measurement 
of water would be a decidedly costly process. Thus : — 

Interest on capital and amortisation of 
first cost for ten years at 7J per cent, 
per annum ... £7 10 

Cost of maintenance, which in the above 
case might very possibly amount to 17 i 
per cent, per annum, for ten years ... £17 10 



£25 



Or it would cost £2 10s. per annum to keep going a meter 
originally worth ,£10. The supplier would thus be ex- 
pending 25 per cent, per annum, in return for which he 
would not obtain from the consumer more than 15 per 
cent, per annum as meter-rental. That which properly 
managed should be a source of income would thus become 
a cause of recurring loss. 

Variation of Cost of maintenance is given in manufacturers* 

cost of mam- ° 

tenance. catalogues at figures varying from 7J per cent, to 2 per 

cent, on the list price of meters ; but it often mounts up 
on a water company's books to 15 per cent, or even 17 per 
cent. Most manufacturers express their willingness to 
contract with companies or corporations to keep their 
meters in repair at from 2 per cent, to 7i per cent. It is 
submitted that it is a wise course for engineers to adopt 
this contract system. 

But if this be not done it is well to send the " leading 
hand" or foreman of the repairing-shop to the manu- 
facturer's for a few days' instruction — ^which in nearly every 
case would be willingly given — as a proper understanding 
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of the working and manipulation of the apparatus is 
manifestly to the interest both of manufacturer and client, 
and would go far towards minimising the cost of main- 
tenance. 

These three conditions having been considered, the Summary of 
whole matter may be summed up thus: — What is the price, 
cost per annum of measuring the water supplied to a 
particular consumer as against the amount received from 
hi^ as meter-rental ? Or, what is the cost of measuring 
per thousand gallons supplied ? The figures to be con- 
sidered being interest on first cost of meter, plus per- 
centage for amortisation of first cost, plus cost of main- 
tenance in relation either to time or quantity measured. 

Companies or corporations using a large number 
of meters may make or mar their earnings by the choice 
of suitable or non-suitable meters with a correspondingly 
high or low maintenance-cost. 

The "duty" obtained from pumping- engines which 
pass the water into the company's mains is always an 
element of admitted importance ; why not equally so the 
** duty " of the meters which pass it out ? 
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CHAPTER V. 



THE DELIYEBING CAPACITY OP METERS. 



A metliod of 
detartnining 
the size of 
instrument 



The paucity of tlie information supplied by meter 
makers in general as to the respective delivering capacities 
of their meters must oft^en render it a difficult matter for 
water- engineers to know what sized instrument to select in 
cases in which a specified quantity of water has to be 
delivered. The writer is unfortunately precluded, by 
obvious reasons, from giving the detailed information as 
to the delivering capacities of specific meters, which would 
afford a means of overcoming this difficulty. In one 
case only is he at liberty to publish the necessary data. 
Engineers when fixing meters of other makes to deliver 
exact quantities, must obtain from the manufacturers 
information corresponding to that given in Table I. The 
data thus obtained will, it is hoped, form in conjunction 
with those comprised in these pages, a ready means of 
making the calculation. Although meters of different 
types, but of the same nominal size, vary greatly in their 
delivery, it may be taken as a general truth that the 
service pipe rather than the meter is the cause of a feeble 
supply in a house, where there is known to be a fair pres- 
sure in the street main. In order to provide a means 
of easily determining the proportion of loss of head due 
to each, the following tables, founded partly on certain 
well-known hydraulic laws and partly on water meter 
experiments, are given. 

The laws referred to are these : — 

1. A. The rate of delivery of water through a pipe will 
be in direct proportion to the square root of the 
head. 
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B. Converselj, the head required will be directly as 
the square of the rd>te of deliyery. 

In other words fluid friction in a pipe yaries 
as the square of the speed. 
2. The loss of head caused by fluid friction in pipes of 
different diameters is in the inverse ratio of the fifth power 
of their diameters. 

Mr. Thomas Box gives in his ** Hydraulic Tables ** the 
following formula to determine the loss of head by friction 
in pipes : — ^ _ G* x L 

" (3d.)* 
In which d = diameter of pipe in inches. 
G = gallons per minute. 
H = head of water in feet. 
L = length of pipe in yards. 

The appended table gives the results of a series of tests 
made to ascertain the actual delivery of the Kent Meter 
when working without any retardation of flow caused 
by inlet or outlet pipes. 

Table L 
Fbee Dblivbsy of the Kent Mbtbb. 

Bate of Deliy«7 in OalloBS. 



Diameter of Inlet of Meter. 


1 i 

in Feet. 


PerMiirate. 


Per Hoot. 


i" 


49 


18-4 


1,108 


1" 


49 


34-6 


2.087 


1" 


49 


541 


8,248 


w 


26 


66-3 


8,981 


2" 


25 


108-5 


6,610 


3" 


25 


191-3 


11,479 


4" 


25 


299-7 


17,988 


6" 


25 


483-7 


29,021 
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Absorption of 
head by pipe- 
friction. 



Bends and 
elbows. 



The loss of head caused by fluid friction in pipes, bends, 
cocks, etc., is the other factor to be considered. 

Opposite is a table giving this loss in pipes of various 
diameters. The figures are calculated from Box's Hy- 
draulic Tables and from the formula given above. It 
will be seen that the loss of head in each size of pipe is 
calculated at the same speed of flow as is given in 
Table I. for the meter of the corresponding size. The 
loss of head due to the same speed in a pipe one size 
larger in diameter is also given in each case, as it 
frequently happens that part or all of the service pipes 
are larger, rather than smaller, than the nominal sizes 
of the meter to or from which they lead. 

It is assumed that the pipes are led from mains of a 
diameter so much larger that the loss of head in the main 
itself, caused by the draught to the pipe, is practically nil. 

The head absorbed by bends and elbows is a matter that 
more often concerns the consumer than the supplier, but 
should it be necessary to consider the point, it will be 
found safe to reckon a short bend, i.e., nipple and elbow, 
as pipe of the same size but half as long again. The 
change of the direction of the current in long bends 
causes so slight an increase of loss of head that it may be 
disregarded for the purpose in question. 
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Table II. 

Loss OP Head through Friction in Pipes op 
Various Diameters. 

Calculated according to Mr. Thomas Box's formula (page 65). 



Rate in 


DiAMXTEB OF FlPES IN INCHES. 


Gallons 
perMin. 


i-in. 


lin. 


lin. 


l^in. 


2in. 


Sin. 


4iii. 


6in. 




Head of Water consumed bj friction in pipe 10ft. long. 


18-4 


i4M 


19-4 














34-6 


... 


68-5 


16-3 












54-1 


... 




39-7 


5-23 










66-3 


... 




... 


7-8 


1-86 








108-5 




••• 






4-99 


•658 






191-3 






... 


... 




205 


•485 




299-7 


... 




... 


... 


... 




1-19 


•157 


483-7 


... 








... 




... 


•409 



Tlie above figures have been confirmed by experiments. 
Slight variations were observed in one or two instances, 
but were found to be due to the pipes not being exact to 
their nominal size. 

Wrought-iron barrel is generally rather less in diameter Variations 

., ., .4 , . ' £ • .' from nominal 

than its proper size. A great increase in friction, dxe of pipes, 
especially in the smallest sizes, would be thus caused. 
On the other hand it is very usual to find so-called J-inch 
ya«-barrel quite f-inch in diameter. Other sizes of gas- 
barrel vary much less, but all tend to be larger than the 
nominal size. 
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AbsoTption of 
bead by stop- 
oooks, 8top- 
f errnles and 
flcrew-down 
yalTes. 



Stop-cocks, stop-ferrules, and screw-down yalyes are 
very important factors in calculating rates of delivery of 
water to consumers' premises. These fittings are almost 
always placed between the supplier's main and the meter, 
and very necessary they are. Nevertheless the loss of 
head thus occasioned is not to be overlooked in calculating 
the delivery due to a given head. What the loss 
represents in feet at any given speed it is impossible to 
estimate by any general rule, in view of the almost infinite 
variety of patterns of these fittings. No doubt many are, 
as they are represented to be, '* full- way " or " full-bore," 
but even then the course of the water is so twisted and 
diverted, or the shape of the stream so distorted and 
altered, that the flow can but be compromised to a con- 
siderable extent. 

To give some slight guide, experiments were made, with 
the following results : — 

A i-inch " full-way " plug stop-cock absorbed as much 
head as would 27 feet of iron barrel of i-inch diameter. 

A j-inch screw-down valve equalled, in head absorbed, 3-6 
feet of the above pipe, and a ^-inch ordinary stop-ferrule 
equalled 4*4 feet of the same pipe. Similar results would 
probably be obtained with the finch and 1-inch fittings, 
but it must be borne in mind that the figures would 
tend to differ for each one of the many different kinds 
used. 



Bates of flow 
correspondiiiff 
to higber and 
lower beads. 



The next and last table is so ammged that, given any 
rate of flow and the head in feet producing it, the flow 
due to any higher or lower head can — eoeteris paribus — ^be 
instantly ascertamed. The figures can be read either as 
gallons per minute, or as gallons per hour, of course 
bearing in mind that the answer will be in the same terms 
as the data. 
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Tlie rules and tables being thus set forth, it onlj remains 
to show the method of applying them. 
Earampie Let it be supposed that it is desired to find the delivering 

demonBtrating , 

use of tables capacity of a 1-inch Kent Meter fixed on 30 feet of 

ftnd rules. 

1-inch pipe leading from a 12-inch main. Let it be sup- 
posed that the pressure in the main is equal to 125 feet 
head and that it will remain constant when fully supplying 
the 1-inch pipe. Also that the water has to be delivered 
at a height 25 feet above the level of the main. A 1-inch 
stop-cock is fixed between the meter and the main, and 
another between the meter and the point of delivery. 

It is seen by Table No. 1 that a 1-inch Meter delivers 
54*1 gallons per minute with an effective head of 
49 feet : by Table No. 3 that a 1-inch pipe, 10 feet long, 
passing 641 gallons per minute, absorbs 39*7 feet head. 
Therefore, when passing water at the rate of 54*1 gallons 
per minute, the head absorbed by 30 feet of 1-inch pipe, 
plus two stop-cocks each equal to, say, 4 feet of pipe, 
will be — 

39-7 
Multiplied by 3 -f-S 3*8 



= 150-86 
+ Head for meter 49 



= 199-86 

That is, with conditions of connection given as above, a 
head of 199*86 feet would be required to produce a 
delivery of 54*1 gallons per minute. 

Now the head actually available is 125 feet — 25 feet 
counter head, lost in rising to the tank level, = 100, 
and, according to Law 1a, as the square root of the 
supposed head is to the square root of the actual head 
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so is the supposed delivery to the actual delivery ; there- 
fore — 

y/ 199*86 \ sf 100 \ \ 54*1 gallons per minute ; actual delivery. 

1414 : 10 :: 541 .. ., .. 

10 X 541 ^^ „^ 

— •tA.\A — ^ Oo'2o gallons delivered per minute by the Kent Meter. 

Before proceeding further, it will be well to explain the 
use of Table No. 3, which will save the trouble of the 
above calculation. To use it, find under the supposed 
head the supposed rate of flow; then on the same 
horizontal line, under the actual head, will be found the 
actual rate of flow. 

Should it happen that the exact figures of the supposed 
rate of flow are not given vsx the table, a sufBiciently exact 
result may be obtained by taking the nearest figures and 
making a corresponding allowance in the figures repre- 
senting the actual rate of flow. 

In the present case, under the supposed head of 200 feet, 
56 gallons per minute is the nearest rate of flow to that 
given (54*1) ; then on the same horizontal line under the 
actual head of 100 feet is given the actual flow of 40 
gallons per minute — which, after making a corresponding 
allowance, would be reduced to about 38 gallons. 

Should this delivery be insufficient for the requirements, 
a larger pipe certainly, and a larger meter possibly, must 
be substituted. 

If it be desired to ascertain the necessary size of service 
pipe, and meter of any other make, it can be done on the 
lines above indicated, but, as before stated, data corre- 
sponding to those given in Table I. must be first obtained 
from the manufacturer of the particular meter to be used. 
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CHAPTER VI. 

HINTS AS TO SBLBCTINO, FIXIKO, AND MAINTIININO WATER 

UETESS* 

In selbctino ▲ Mbtbr, 

Always put in a meter large enough for the work to be 
done, so that there is a margin between the utmost that 
can be demanded of it and the limit of its capacity. 

Never use a reciprocating-piston meter for the constant 
measurement of full-bore flows at high effective heads. 

Always use a reciprocating packed-piston meter for 
constant measurement of flows of very low velocities. 

Never use a meter with cup-leather pistons where there 
is a smaller effective head than 25 feet, nor where it is 
likely to be idle for three or four days consecutively in 
hard water. 

Always use a rotary-piston meter for the constant 
measurement of high- velocity flows, also when alternated 
with low- velocity flows. 

Always use an inferential meter for the measurement of 
occasional high-velocity flows only. 

In Fixing a Meteb, 

Set it level. 

Do not spring or strain it. 

If attached to a new main or pipe, flush the latter 
through before attaching the meter. 

Drain all pita in which meters are to be placed. 

Let the surface-box be large enough to allow the meter 
to be easily got at. 
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Make provision for protecting the meter from frost, i.e„ 
let it be accessible enough to allow of its being thoroughly 
wrapped round with haj-bands or straw. 

Allow no lead cuttings, iron filings, or red lead to get 
into the meter when making the connection. 

See it started before you leave it. 

To Maintain a Metbb in Good Order, 
Eead it monthly, if possible. If the registration shows Beading. 
a falling off on the average consumption, let the inspector 
make a rough test by turning on a tap on the service and 
observing whether the meter appears to be running 
correctly ; if it is then doubtful, have the meter removed. 

Do not let meters remain until they are evidently out 5®^o4i<»} 
of order, which probably means a considerable and constant 
loss of registration for some time previous to the discovery, 
but let it be a rule that meters be taken out, for testing 
and examination, when they have been in a certain 
time — say one, two, or three years, according to the 
nature of the water and its effect upon the particular 
meter in use — and also when they have passed a certain 
quantity in any less time. The following table is suggested 
as a guide: — 

A f " meter should be taken out for 
testing and examination when 
it has, in less time than its 
usual 

i" 
r 
1" 

w 

2" 
3" 

4" 
6" 



il ** session,* 


' passed 


500,000 gallons 


Ditto 


Ditto 


... 1,000,000 „ 


Ditto 


Ditto 


... 2,000,000 ., 


Ditto 


Ditto 


... 3,500,000 „ 


Ditto 


Ditto 


... 5,000,000 „ 


Ditto 


Ditto 


... 7,500,000 „ 


Ditto 


Ditto 


... 15,000,000 „ 


Ditto 


Ditto 


... 25,000,000 „ 


Ditto 


Ditto 


... 40,000,000 „ 
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These quantities would be modified by the type of 

meter used, and by the pressure and nature of the water — 

a high pressure and gritty water, of course, causing more 

wear and tear than a medium pressure and clean, soft 

water. Experience will soon suggest to what extent the 

above periods and quantities should be modified. 

™2!!2*"®®^^ I^ ^^^ waterworks be within reasonable distance of 
ooiiuract* 

the meter-manufacturer's works it is advisable to contract 
with him for the maintenance of the meters, which can be 
done at from two per cent, to seven and a-half per cent, 
on the list price, according to the different kinds. 

If the distance be so great that cost of carriage would 
be prohibitive, it is well to have at least one man — ^the 
foreman or leading hand — thoroughly well acquainted 
with thie construction and peculiarities of the meters in 
use. A supply of spare parts should be kept in stock, so 
that repairs or renewals can be promptly effected. 
Terting. Before putting a meter to work it is advisable to give it 

a short run, both at high and low velocities, in the testing- 
shop of the waterworks, or even if there be no testing 
apparatus, still to connect it in any available way to at 
least ascertain that it passes water and registers. 

Although this is particularly necessary when meters 
have been kept in store a long time, it is a wise precaution 
even with meters just received from the makers, as 
although they are properly tested at the works there is a 
possibility — remote though it is — of injury afterwards, 
when they are opened to put the register to zero, and also 
in course of transit. 

Testing apparatus is indispensable where any consider- 
able number of meters are in use. This can be efficient 
without being elaborate or costly, and should consist of 
the following items — 
A?^S;us ^ one-hundred gallon upright tank with a gauge-glass 
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ininning from top to bottom graduated in gallons and 
decimals of gallons. The tank should be cylindrical and 
preferably of not more than 27 inches in diameter. This 
gives an easily discernible difference of level in the gauge- 
glass to a tenth of a gallon, which a tank of larger area 
does not do. A two-inch waste-cock will allow of the 
tank being quickly emptied. 

A testing bench, arranged so that small meters (up to 
an inch and a haK) can be readily clamped water-tight 
between flanges, one connected with the supply and the 
other with the outlet pipe, which last should be led to the 
top of the tank and there terminate in a bib-cock with a 
screwed nose, on to which a cap containing a perforated 
disc should be affixed. If the pressure in the 
testing-room is practically constant, the flow through 
the perforation of such a disc will also be constant ; so 
that a set of discs can be kept, each stamped with the 
quantity it will pass per hour, say one each for 2, 5, 10, 
20, and 50 gallons per hour respectively. Thus when a 
meter has to be tested on any given slow velocity— and 10 
gallons per hour is that most generally adopted for meters 
up to 1 in., but this should obviously depend on the pur- 
pose for which the meter is to be used — the proper disc 
can be applied and the flow required is at once obtained, 
instead of wasting haK an hour in guessing at it by open- 
ing and closing the cock. When full flows are desired, 
the cap is screwed off. Pressure-gauges, marked in feet 
and in pounds, should be fixed both on the inlet and 
outlet pipes. These pipes should be either 1 in. or 1^ in. 
in diameter. 

A 3-in. main should be run into the testing room for 
use with 2-, 3-, 4-, 6-inch and larger-sized meters, with 
which it can be readily connected by means of fire-hose 
and spring-couplings. Standard flanges of the different 
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sizes should be kept with the mate-oouplings affixed. To 
test a large meter these flanges can be bolted on and 
then be connected in a few seconds to the 3-in. main 
on one side and to the tank on the other by the hose and 
spring couplings. A great saving of time is effected by not 
having to get the meter, which perhaps may weigh a ton 
or more, into a particular position, as is necessary when 
rigid pipes and couplings are ased. 

A 500-gallon graduated tank is desirable if there is a 
certain number of large meters to be considered. Otherwise 
it is quite possible, by using care, to obtain accurate tests 
with the 100-gallon tank. The tank can be filled several 
times over, should there be a difficulty in accurately 
reading so small a quantity on the dial. 

A screw wrench, a full set of spanners, two or three 
screw-drivers (large and small), and sealing appliances 
complete the list. 
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CHAPTBE Vn. 

WATBB HETBB BBGULATIONS, BENTS, AND GHABOBS. 

Thb following regulations are compiled from those in 
force at many of the principal English waterworks. The 
scale of meter-rents is averaged from a number ; there was, 
however, little difference between any of the schedules. 



Proyiflion and 
fixing of 
meter. 



1. All meters will be provided by the Authority,* and 
fixed by them in such positions as they shall determine, 
but the cost of fixing, including the necessary ferrule, pipe 
from the street-main, and stop-cock — all of which will be 
supplied and fixed by the Authority — is to be paid by the 
consumer. 

2. The Authority will not be responsible for any acci- Accidents, 
dental stoppage, deficiency, or want of supply arising from 

frost, drought, or other unavoidable cause or accident. 

3. The Authority will not be in any way responsible for Damage, 
any damage done to the consumer's property through 
accident to the meter or its connections. 

4. All meters will be maintained and repaired to the ex- Meter rentals, 
tent of ordinary wear and tear at the following charges, 

which also include the rent : 





Bent and 




Bent and 


Size of Meter. 


Maintenance 
Charge 


Sizaotlletor. 


Maintenance 
Charge . 




per Quarter. 




per Quarter. 




8. d. 




£ 8. d. 


■-inch bore 


2 


2-iiich bore 


9 


' ' » »» 


3 


3 » „ 


15 


■ j» j» 


4 


4 „ „ 


15 


1 H ,. 


5 


5 9f f* 


1 16 


li,. .. 


7 


6 f9 >» 


2 5 



* None.— For " Au1iiarit7»" read Board, Committee, Corporation, Company, 
« the case may be. 



Digitized by VjOOQ IC 



78 



Bepain. 



Notice BM to 

disoontiniiiiig 

supply. 



Access. 



BemoTal of 
meter. 



Mal-r^(istrft- 
tion. 



Testing at 

eonsmner's 

request. 



Connectioiui of 
meter. 



5. The cost of repairs necessitated bj injury from fire, 
frost or accident must be paid bj the consumer. The cost 
of any repairs required by reason of faulty material or 
construction will be defrayed by the Authority. All 
repairs will be executed by or under the direction of the 
Authority. 

6. The rent of any meter shall continue to be charged 
until the consumer has given written notice to the 
Authority that a supply of water is no longer required. 

7. All meters will be under the sole control of the 
Authority which shall have access thereto at all reasonable 
times. 

8. The Authority may, whenever it pleases, remove any 
meter for the purpose of testing the accuracy thereof, or 
for examination or repairs, or in order to substitute it by 
another, and also in case of the discontinuance of the 
supply. 

9. Should it be found that a meter is not registering 
correctly — whether it has stopped entirely or not — the 
charge for water taken thereby shall be assessed at the 
average for the period corresponding to that affected 
by the imperfect registration. 

10. The consumer may request the Authority to test his 
meter should he dispute the registration. The cost of 
testing must be borne by the consumer should the meter 
prove to be less than 5 per cent, fast, but if it be 6 per 
cent, or more fast, the cost will be defrayed by the Autho- 
rity, and the ascertained overcharge be refunded pra 
raid for the two preceding quarters. The charge for test- 
ing shall not exceed 15 per cent, of the cost price of the 
meter. 

11. Every meter must be fixed on a separate and dis- 
tinct inlet leading direct from the Authority's main. No 
branch-pipe, drawing-cock, or other outlet, may be fixed 
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upon this inlet pipe to the meter unless with the written 
consent of the Authority. 

12. The consumer shaU in no way interfere with or 
disconnect the meter or its fittings. 

The price charged per thousand gallons for water 
supplied for trade purposes naturally varies accordiog to 
the cost of procurmg it in the first instance ; it is 
therefore impossible to give any average charge that 
will suit every place. It is usual to have a sliding scale — suaing acaie of 
the larger the quantity the smaller the price. But the ®^**^®*- 
rate for each step in the scale should only be operative 
between its limits. That is, when the quantity entitles the 
consumer to pay at a lower rate, such reduction should 
only apply to that part of the total consumption which is 
in excess of the next higher priced step in the scale. 

Otherwise, if the reduced rate applies to the whole 
quantity, it may happen that the consumer pays less if he 
uses more water. 

For example, if a rate were 8d. per 1000 gallons up to 
200,000, and 7d. up to 300,000, the price would be less 
for 225,000 gallons than for 200,000. 

In nearly every case a minimum charge is made. Minimum 
This varies from 3s. to 15s. a quarter for the smallest size ^i^by meter 
of meter, the difEerence being probably due rather to the p^^^. 
circumstances and requirements^ of each individual water- 
works than to a divergence of opinion as to a proper 
amount. But, while too high a charge is unnecessary, 
there are two good reasons why it should not be too low. 
They are, that water required for trade purposes is almost 
invariably used in large quantities, and therefore a moder- 
ately high minimum is still likely to be much below the 
quantity actually taken; and next, as has been before 
pointed out, a meter is more liable to deterioration when 
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doing little or no work than when passing a considerable 
quantity. Hence the propriety of compensating the sup- 
plier for the risk thus incurred, by a fairly high minimum 
charge for water. 

It is not the general practice to regulate this minimum 
by the size of the meter, but it is nevertheless submitted 
that this is the right course to pursue. It must be 
admitted that, granting the pertinence of the last- 
mentioned reason for a minimum charge, a large meter 
needs covering by a larger minimum than a small meter, 
because the damage it may sustain through insufficient 
work would entail a greater expense in repairing. 

The following are suggested as average minimum 
charges for water supplied by meter for trade purposes : — 

Size of Meter. Mimmum Charge per Quarter. 

£ B. d. 



f-inch 


10 


i 


15 


* » 


10 


1 


16 


u „ 


1 10 


2 „ 


2 


3 „ 


2 10 



In some places the minimum charge is considerably 
higher and calculated at a sufficiently high rate per 
thousand gallons to cover all expenses in connection wiUi 
the meter, for which no additional rent or mainteAanoe- 
charge is then made. The minimum charge corcrrs all. 
The simplicity of this method doubtless has much to com- 
mend it both to supplier and ccmsumer. 

On the next page wiU be found the names of a few of 
the principal waterworks and the corresponding charges 
at each for water when supplied by quantity for Trade 
Purposes. 
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Name of Town or 
Waterworks. 



Asliton-iinder-Lyne ... 

Birkenhead 

Birmingham ... 

Blackburn 

Bolton 

Bradford 

Brighton 

Bristol 

Cardiff 

Derby 

Dublin 

Edinburgh 

Exeter 

Glasgow 

Halifax 

Huddersfield 

HuU 

Lancaster 

Leeds ... 

Leicester 

Liverpool 

London — 

Chelsea Company 

East London 

Grand Junction ... 

Kent 

Lambeth ... 

New Eiver 

Southwark and Vauxhall 

West Middlesex 



■rice of water by Ueter 

per 1000 gallona tor 

Tnde Pnrpcsei. 




d. 




8. 


d. 




10 
8 


to 


1 
1 


8 
3 


Charge! by 
Meter for Ti 
Pnrpoae*. 


6 


»> 


1 


4 




6 


»» 


2 







6 


»l 





9 




3i 


»> 


1 


8 




7 


»> 


1 


3 




8 


»» 


1 







« 


»> 


1 


6 




a 


>» 


10 




6 


»> 




- 




6 


t* 




- 




9 


»» 


1 


6 




4 


if 




- 




6 


» 





8 




7 


» 





7 




6 


ft 





9 




6 


9f 


1 







6 


n 




- 




5 


ft 


1 







7 


7f 





9 




6 


»» 


1 







6 


» 





9 




6 


>» 





9 




10 


>» 


10 




By agreement 




6 


to 





n 




6 


)f 





9 




6 


»• 





9 
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PaxpoflM. 



Price of water by Heter 

per 1000 gallons for 

Trade Purposes. 


d. 




8. d. 


4-85 to 


2 


5 


>» 


1 2 


6 


»> 


1 


6 


» 


1 9 


8 


99 


1 6 


6 


f* 


2 


6 


99 


1 oi 


3 


99 


1 4 


6 


>» 


6 


3 


>) 


1 6 


6 


»» 


1 2i 



Name of Town op 
Waterworks. 



Manchester 

Newcastle 

Nottingham ... 

Oldham 

Portsmouth 

Reading 

Sheffield 

South Staffordshire 

Southampton .. 
Stockton-on-Tees ) 
Middlesboro' f 
Swansea 

There is a peculiarity about the system of charging by 
meter adopted at Sheffield, which is, so far as the writer 
is aware, unique. It is this : The charge for water sup- 
plied through a high pressure meter is 25 per cent, higher 
than that supplied through a low-pressure. The water is 
supplied from the same main in either case. 

There are so few waterworks in England supplying 
water by meter for Domestic Purposes, that it is difficult 
to compare the charges with those for trade purposes. 
There are, however, the following : — 

Price of water by Meter 
Name of Town or per 1000 gallons for 

Waterworks. Domestio Purposes. 

8. d. 
guogwby Abingdoa 1 

Heter 'or 

Domeirtdo Malvem 1 



Matlock Bath 2 

Sowerby Bridge 1 
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The number of meters that one meter-reader or 
inspector can read in a day is a question that is some- 
times raised in reference to the internal economy of 
a waterworks. 

It is of course impossible to lay down any rule as to the Meter-Eeadera. 
number of meters one man should read in a day, as the 
circumstances of no two cases are alike, but the writer 
was told by the manager of a certain English waterworks 
that in his town there are 1200 meters which are all read 
every week ; the whole of the work being done by two 
men. That is, each man reads 100 meters a day. 
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CHAPTER VIII. 

SHOULD THE WATER METER BE OWNED BY THE SUPPLIER 
OR BY THE CONSUMER? 



Meters should 
be owned by 
supplier. 



Meters form 
IMurt of plant of 
waterworks. 



Consumer no 
prejudiced by 
this. 



The question whether the water-meter should be the 
property of the supplier or of the consumer is yet another 
point upon which there has been a wide divergence of 
opinion and practice. Although the general consensus is 
now decidedly in favour of the ownership being vested 
in the supplier, there are still those who contend that it 
would more fitly rest with the consumer. It is, however, 
no easy matter to discover the reasons upon which their 
contention is based, as none are apparent but which 
afford, when investigated, good ground for the contrary 
conclusion. 

It is sometimes given as a reason in favour of the meter 
being owned by the consumer, that it would involve 
additional capital were the meter provided by the supplier. 
This argument would apply with equal force to the pumps 
or mains. All form part of the plant of a waterworks, 
and to be efficiently maintained should all be under the 
sole and absolute control of the water authority. Moreover 
where is the objection to increasing the capital? It 
cannot be said that it is not a dividend-earning investment 
of capital, because meter-rents are always so assessed 
that they yield a very good interest on the capital 
outlay. 

It evidently makes no difference as to payment, because 
the consumer must, in either case, pay for the use of the 
meter, whether directly if he buy it himself, or indirectly if 
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not, through the price paid for water or as meter-rent, 
which must be high enough to recoup, or to pay interest 
on, the supplier's outlay for all materials and fittings used, 
in making the service. 

The meter acts as the supplier's ledger. It is, however, Meter is 
notorious that some meters are inaccurate. It would led^!'^ 
surely be unjust to allow the consumer to force on the 
supplier a false measure. But let it be assumed that 
this could be remedied by giving the supplier power to 
reject any meter that did not satisfy certain specified tests 
for sensitiveness and accuracy before fixing ; the question 
of maintenance has then to be dealt with. 

This anomalous and absurd position is reached: the 
supplier has to keep, or cause to be kept, the consumer's 
property in efficient repair, in order that he may receive 
proper payment for the water supplied, or to use a 
homely adage, the supplier has ** to measure his com with 
another man's bushel." 

Now, if when a meter got out of order it was as likely Meters out of 
t6 register against the consumer as in his favour, it might under-register. 
be said that the average result would possibly be equitable ; 
although that of course would be no argument in favour 
of the continued use of faulty meters. It is, however, 
dbaohdely certain that in ninety-nine cases out of every 
hundred in which meters, through want of repair, register 
incorrectly, they favour the consumer at the expense of 
the supplier. Everyone who has had any experience with 
meters will concur that over-registration is of almost 
unique occurrence, while under-registration is but too 
common. Over-registration by a positive meter is a 
physical impossibility, and is in the highest degree im- 
probable by an inferential. Deterioration in either almost 
surely means under-registration. 

The evil of this method is therefore intensified. 



^ OF THE ^ 

^TJNIVERSITTj 
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If coBsmner 
owns meter 
eonstant dig- 
pntes mvolTed. 



Where tried 
found unprofit- 
able. 



Advanta^ of 
ownership by 
supplier. 



If the supplier has power to take out, examine, and, 
if necessary, repair, at the expense of the consumer, 
any meter which he doubts, it is very clear that con- 
tinual disputes will arise, as the interests involved are 
diametrically opposed. The consumer, content with the 
small registration, will be loth to pay an expense incurred 
with the express object of increasing his water bill, while 
the supplier cannot allow an instrument to continue to act 
as accountant which he believes deprives him of part of 
his just payment. 

The supplier who allows the consumer to buy and 
maintain his own meter, also allows him, ipso facto, in 
most cases, to take much of his water for nothing. 

The results of such a system are apt to be overlooked 
where the supply by meter is but a small fraction of the 
total supply, but the evil is none the less present. In 
waterworks where it has been extensively adopted — refer- 
ence is here made to American cities only — it has been 
found unprofitable in the extreme, and a change to the 
method of ownership by the supplier declared necessary. 

The advantages attaching to this alternative method 
are many and cogent. 

The consumer is relieved of all trouble in maintaining 
the meter. He pays a stipulated sum per annum to cover 
everything, except damage by frost or fire, instead of 
running the risk of being called on at any time to incur a 
heavy expenditure in repairing or renewing the meter. If 
he no longer requires the meter it is not thrown on his 
hands. 

The supplier is able to select the instrument that 
experience has shown to be best suited for the purpose to 
be served, which being interpreted means that he will be 
able to obtain registration of all the water supplied, 
instead of, in some instances, only about fifty per cent, of it. 
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He is able to put into practice a systematic inspection, 
in order to maintain the instruments upon wliich his 
income depends in proper order to record his " takings.** 
In fact, he has control over his own till. He is able to 
clear up at once any doubt as to correct registration by 
repairing or replacing the suspected meter, without 
causing any dispute with the consumer, as he is acting 
absolutely within his own rights. 

METEB.FBEAKS. 

There are certain isolated cases on record of registration 
by meters without any water being supplied from them. 

It is a moot point whether this even can be deemed 
over-registration, because under the peculiar conditions 
water passes through the meter although none is supplied 
from it. 

In each instance this was attributable to two circum- 
stances, both of which must be present to produce this 
extraordinary phenomenon . These are an * * air- cushion ' ' on 
the outlet side of the meter, and a pulsating pressure on 
the inlet side. The effect is to cause a constant ebb and 
flow through the meter. In one instance a 3-inch in- 
ferential meter was fixed to a 3-inch rising main for fire 
hydrant purposes; it led off a 21 main, and was only 
76 yards from the pumping engines of the waterworks. 
To the intense surprise of the consumer who knew no 
water had been used, the meter was found to be register- 
ing no less than 24,000 gallons per day. A thorough 
overhaul of every inch of the 3-inch main revealed no 
leak. The meter was then replaced by one of another 
inferential make, with the astonishing effect that the regis- 
tration at once jumped to nearly 48,000 gallons per day ! 

Further investigation discovered the causes, although 
it was, and is, impossible to more than surmise the 
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rationale of their precise action on the fan or turbine. 
It would naturally ,be thought that if the meter re- 
gistered the forward flow due to the increased pressure 
from each stroke of the pump overcoming the yielding 
air-cushion formed at the top of the rising main, it would 
run backwards with the ebb. But such is not the case. 

A similar occurrence with a two- cylinder piston meter is 
more easy of explanation. Here again the causes were the 
same — ^pulsation and air-cushion on a rising main on the 
outlet of the meter — but the register of this meter was 
actuated by a reciprocating arm working between collars 
or tappets on one of the piston-rods. The ebb and flow 
kept the piston moving far enough up and down the 
cylinder to actuate the register at each stroke. This 
explanation is given by the engineer who had charge of 
the district in which this meter was fixed, and is no doubt 
quite correct. 

It might, however, happen with reciprocating-piston 
meters of other types when subject to the same con- 
ditions, that the flow of the water would be registered 
but not the ebb. The reason being that while the flow 
actuated the meter in the usual way, the ebb, pressing on the 
under side of the D- valves, would probably lift them from 
the faces of the ports and pass quietly back through the 
meter without operating it. The next flow would bring 
the valves back to the port-faces, and make the meter 
register again, and so on. 

The cure for this meter-freak is an air- valve placed at 
the top of the rising main — without an air-cushion there 
can be no ebb and flow. Or a reflux-valve may be fixed 
on the service pipe with equally good effect. 



Digitized by VjOOQ IC 



89 



CHAPTER IX. 

THE ECONOMICS OP WATBB SUPPLY CONSIDERED IN 
RELATION TO THE METHOD OP PAYMENT. 

WATEB METERS VJEBSUS WATER RATES. 
The water supply to the great cities of the United Water-guppiy 

X a ./ o q£ London K f ^n 

Kingdom has, during the last few years, constantly other towns 
attracted public attention. One town after another has insufficient, 
found itself faced by difficulties consequent on the 
demand exceeding the supply. Enormous sums have been 
expended and monster works constructed to provide for 
pressing needs. To-day a Eoyal Commission sits to con- 
sider the adequacy of the water-supply of the Metropolis 
itself; although, twenty-one years ago, a similar com- 
mission reported that the existing supply was sufficient 
for all time. 

The purpose of this chapter is to call attention to a Economical 
means whereby such difficulties, whether present or Sg^ifi^tSSM.* 
prospective, may be promptly and economically overcome. 
Hitherto the method principally employed has been to 
increase the supply, whereas the proper remedy in nine 
cases out of ten is the reduction of the demand. This can 
only be accomplished by preventing the prevalent waste 
and abuse of the commodity. Something has been done 
in this direction by various systems of inspection of 
fittings, and by other means. These efforts are, however, FrevenUon of 
often nullified by causes which are for the most part 
beyond the control of the water authorities. Hence it is, 
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despite all tliat has beea done in London, for example, 
that the consumption per head remains practically where 
it was twenty years ago, i.e., about ten gallons per head 
per day more than the consensus of expert opinion con- 
siders necessary. Better results have been obtained — ^for 
a time at least — in some few smaller cities. But the only 
permanent and efficacious way of reducing the consumption 
per head to its proper quantity, and of economically re- 
storing the equilibrium between supply and demand, is the 

Payment by universal adoption of payment according to quantity used. 

efficientmetLd This assertion is not based on mere theory, but is 
supported by the experience of waterworks engineers in 
all quarters of the globe. 

It is proposed in the following pages to consider the 
question of payment for water according to the quantity 
consumed — i.e., payment by meter — versus payment by rate, 
viz., by an assessed charge without regard to the quantity 
consumed. After dealing with the theoretical aspect of 
the matter, the practical side will be discussed from the 
point of view of its application to London. This not 
only has the advantage of being of particular interest 
at the moment, but, as the Metropolis embodies, in an 
acute degree, all the conditions and difficulties pre- 
sented by other towns in the kingdom, to deal with it is 
to deal with all. 

Main principle. That, as an abstract principle, water, as much as 
any other commodity, should be paid for in absolute 
proportion to the quantity or value received, can be 
denied by no open mind. Subject to an apparent 
exception — one of expediency — presently to be noted, 
this rule can be shown to hold good too in its practical 
application. 

In advocating a change from a system, which is 
notoriously the cause of dissatisfaction and dispute 
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between supplier and consumer, to one which has been 
tried with very satisfying results, it will be opportune to 
consider the arguments for and against the change, and 
some of the results actually realized in places where it has 
been already made. 

It has been said, but will hardly be accepted, except 
by those who think all necessaries should be gratuitous, 
that water should be as free as air. Evidently this is 
utterly fallacious, so long as cost attaches at the outset to 
the procuring of the one and not of the other. If, therefore, 
it be admitted that payment should be made, the question 
then is. What payment ? In all else the unhesitating i^yment Bhouid 
answer would be, For the value received. Then surely received, i.«., 

by quantity. 

the more necessary the article supplied the greater the 

reason for selling it at this market value. Yet, for 

scores of years in London and elsewhere, water has been 

sold on the unjust and unprofitable rating system, ^mlter^?^^? 

although it has been proved again and again in other ^o?e^p»c- 

cities, that a great advantage is secured not only to the ^i**-*^^- 

consumer, but also to the supplier by charging by meter. 

Bread is bought by quantity, but water by the position 

and size of the house of the purchaser, instead of by the 

quantity he receives. A householder buys just as much 

bread as his family requires, regardless of the size of his 

house ; but be his family two or ten, he is compelled 

to pay an amount for water rated on the style of his 

dwelling, whatever quantity he may consume — 50 gallons 

a day or 500. Yet water is as necessary as bread, 

and both are provided for the consumer by the capital 

and labour expended by the supplier. Should not the 

payment therefore be in the direct ratio of the value 

received ? 

It is evident that any system of charging not based on ^^^i's o' Eatlngr 
the quantity actually used must be an average and arbitrary Arbitrary ; 
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Unjust ; 



WastefuL 



Example of 
waste. 



Much of the 
eonsnmptioii 
practiculy 
unpaid for. 



one, and therefore injustice must be done to some, be 
they few or many. The consumer should pay for what 
he gets, but he also should get what he pays for. Under 
the present system he often does neither. In the first 
place it occurs in thousands of instances in London alone 
that consumers, either through thoughtlessness or from 
that wanton pleasure that some people unfortunately take 
in wasting the property of others, allow their water 
fittings to get into a very bad and leaky condition, and 
that taps and closets are kept constantly running, wasting 
perhaps a thousand gallons an hour. (Any waterworks 
engineer who has had night inspections made will 
corroborate this.) This is sometimes done with the 
mistaken idea of flushing the drains, by well-meaning 
people who would indignantly repudiate the charge of 
dishonestly using the water. Suppose this to happen in 
a house the water rate of which is 50s. per annum, repre- 
senting a consumption of 50,000 gallons at Is. a thousand 
gallons, which is about the rate at which the companies 
could afford to supply it by meter, with constant supply. 
Tlie waste under the above conditions often amounts to 
at least 600 gallons an hour, which if continuing for ten 
hours only, during the night, would represent 36,000 
gallons per week or 1,820,000 per annum, entailing 
^91 loss on the company. This may seem an extreme 
case, but such have happened and are happening in almost 
eYerj waterworks in the kingdom. No doubt wherever 
there is a good system of inspection such cases would 
not be allowed to go for a year undetected, but although 
some may be stopped others are beginning. 

In many such cases it is certain that the consumer 
does not pay a tithe of the consumption. Moreover, fittings 
deteriorate, however vigilant the company's inspectors, 
and the consequent waste most frequently escapes the 
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house occupier's notice, as his servants have no interest in 
the matter, and he does not see the leaking taps, and thus 
does not, even were he so disposed, stop the waste ; whereas, 
were meters used, his quarterly bill would at once draw 
attention to the increased consumption and the cause 
thereof. Here also much of the consumption is un- 
paid for. In like manner many other instances could 
be given, but they are only too familiar already to water- 
works engineers. 

On the other hand a great majority of consumers (for £j^nd^S,2n*^on. 
domestic purposes), paying water-rates on middle-class snmers obtain 
private houses, obtain a very poor return for their money, return for their 

London waterworks authorities would not contend that 
the rate perthousandgallons,if meter- supply were universal, 
should be less than Is. This amount has indeed already 
been named. K the effect of metering were to save one- 
third of the present quantity pumped, this higher price 
received per 1000 gallons would bring the total revenues 
of the London companies to the same amount as they at 
present obtain. Now, as large quantities are being sup- 
plied by meter for trade purposes at 6d. per thousand 
gallons, it is evident that a large amount must be taken at 
a rate equivalent to considerably more than 8d. per thousand 
gallons, which is about the average price at present received 
for the whole quantity pumped, in order to bring the whole 
up to the average. 

Those who pay this higher rate are they whose house- Example of 
holds are much smaller than their houses would accom- ^^^'^^^ 
modate. Many of these households consist of a man and 
his wife and one servant. As the middle-class forms a 
very large proportion of the water rate-paying population* 
let it be supposed that such a family are living in a house 
of the "net annual value" of .£60, with two w.c.'s and a 
bath ; the water rate would work out — 
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4 per cent, on £60 

2 w.c's at 6s., 3s. 

1 bath at 6s 

High service, 10ft. above road... 


£ 
2 





s. 
8 
9 
6 
6 


d. 






Total 


£3 


9 






The consumption of such a family often would not at 
the outside exceed 15 gallons per head per day. [It must 
be remembered that the 31 gallons per head of population 
sent into London daily, covers the vast quantity wasted, 
and also that used for municipal, parochial, and trade pur- 
poses.] Fifteen gallons each for three people =45 per day, 
or 16,425 gallons per annum, at Is. per thou8and=16s. 6d. 
But as ^3 9s. is actually paid for these 16,425 gallons 
of water the householder is thus charged the enormous 
price of 4s. 2d. per thousand gallons. 

It is quite true that next door there may be a family of 
a dozen, all of whom use water liberally; but limiting 
them to the same quantity per head they still get 65,000 
gallons for the «£3 9s., or at the rate of Is. 0|d. per 
thousand gallons. 

G-iven two men, each occupying, with their families, 
precisely similar houses at the same rent, why should one 
of them pay for washing the other man's children ? Why 
should domestic supply pay for water used for trade pur- 
poses, and why should the small householder pay part of 
the brewers' water bill ? Yet, at present, this is the uni- 
versal custom in London. 
In England the English and American opinions as to the effect of 



in 



America the Supply by meter are diametrically opposed. In England 
mondB meter it is the consumer who is agitating for supply by meter 
and the supplier who refuses it; while our transatlantic 
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cousins object to take their water by meter in lieu of 
the rating system to which they have been accustomed ; 
nevertheless when the change has once been effected they 
quickly appreciate the equity of the new method. 

Again, English engineers, as a rule, oppose meter-supply 
for domestic purposes, sometimes on sanitary grounds, 
but more often for the alleged reason that the revenues of 
the suppliers would be reduced without a corresponding 
economy being effected. The American profession, on the Cause and effect 
other hand, has adopted meter-supply in town after town, America, 
because the inordinate waste of water — ^which seems in- 
separable from the rating system — prevented the works 
from being remunerative, and caused so heavy a strain 
on their mains and pumping-plant that a radical change 
was imperative either in the quantity consumed and 
wasted, or else in the quantity supplied. The proportion 
of towns already metered is still comparatively small, but 
in view of the results obtained will no doubt rapidly 
increase. 

The results obtained have in all cases proved eminently 
satisfactory, for not only has the consumption been thus 
brought within proper limits, and further and unnecessary 
expenditure on new reservoirs and pumps been avoided^ 
but the revenues of the suppliers have been increased, and 
this without any difficulties arising with the consumers, as 
none can object to pay for that which they have 
indisputably had. The actual figures obtained in three of 
these instances will be found a few pages later. 

It is difficult to find any adequate cause to which to Possible 
ascribe these curious differences of opinion, but as there difference of 
are now estimated to be not less than 300,000 meters at Amerilmn uX^ 
work in the United States, it must at least be conceded g^Lis. *"" 
that American engineers have a wider basis of experience 
on which to found their conclusions than have engineers 
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in England, where the use of meters is far more restricted. 
The latter often bring forward as an argument against 
meter supply that there is no perfect meter, which must 
at once be granted ; but if the existing instruments are 
put to the purposes for which they are best adapted, 
there is now available an efficient meter for every purpose. 
(See page 54). 

Perhaps one cause for the attitude adopted by 
American engineers is that better results are given by the 
rotary-positive class of meter, which is that generally 
used by them, when put to all-round purposes, than are 
obtained from inferential and even reciprocating piston 
meters, which until recently have been generally used in 
England, when put indiscriminately to every description 
of work. 
tht^nBu^OTof -^^ advantages of supply by meter from the consumers* 
meter auppijr. point of view may be briefly summed up as follows : 

All consumers have equal privileges at the same cost. 
No more water is paid for than is used, and that at the 
fair market price. No consumer has virtually to pay part 
of his neighbour's water rate as at present. The annoy- 
ance caused by inspections for waste is obviated. The 
consumer is not harassed by being arbitrarily called upon 
to fix new fittings of a particular pattern, as is at present 
necessary for the supplier's protection. 
AdTanta^B to On the supplier's side the benefits attaching to supply by 
e gupp er. meter are even greater. Waste, so far as the consumer is 
concerned, is stopped without even the trouble of inspec- 
tion. The dividend-earning power of the capital em- 
ployed is greatly increased, because all the work done 
by the pumps and other plant represents actual and 
remunerative consumption, instead of being in great 
part expended on waste of water from which no return is 
obtainable. 
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Meters are infinitely better inspectors than any men. 
The latter can only — and often after prolonged and ex- 
pensive search — detect waste, and then take measures to 
prevent its recurrence, the whole of the quantity wasted 
up to the time of detection being totally lost to the 
supplier. Meters, on the contrary, not only detect waste 
the moment it occurs, but charge it to the consumer who 
is responsible for it. Moreover this great saving to the 
supplier is effected without any trouble either to him or 
to the consumer. 

Meter-supply often obviates the necessity for more 
reseiToirs and pumping-plant. 

The draught on the mains being confined to its proper 
limits, the pressure can be uniformly maintained at its 
proper standard. The saving in coal effected by the 
reduction of pumping to waste, as at present, is but a 
small part of the actual saving, as it carries with it wear 
and tear of plant of all descriptions, and the labour 
incidental thereto. 

In fine, revenues would be increased and expenses 
diminished. 

It has been estimated that of the SI gallons per head water-waste 
per day pumped into London,* less than two-thirds Mcessitafang 
is actually used, the balance of waste being divided roppue^ 
between the suppliers' mains, etc., and the consumers' 
fittings, and deliberate waste. Even if this is assumed 
to be a large over-estimation, still we are pouring 
yearly at least a quarter of a million sterling down 
the gutter in water wasted. The consequence is that 
the question of new sources of supply is already 
mooted. If these are obtained, and no measures are 

• Yarious good authorities have estimated the waste as "one-half," "one- 
third," "not less than one-third." See reports of various experts and 
Stevenson and Burstall, "Metropolitan Water Supplj." 
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taken to prevent the existing waste, the process will 
only amount to temporizing, which must have an 
end, and that in the near future. It must not be for- 
gotten that the harm wrought by waste of water is 
not confined to considerations solely affecting the 
waterworks. Almost without exception, all water wasted 
passes into the sewers, and has to be pumped and 
otherwise dealt with as sewage. We have to pay, 
therefore, not only for obtaining double the necessary 
quantity of water in the first instance, but also for 
disposing of double the quantity of liquid sewage in 
consequence. 

The provision of Constant Supply, now becoming 
universal, has largely increased the facilities for waste, 
which should be checked — or paid for. Metering accom- 
plishes the former by threatening the latter, and is the 
necessary corollary to Constant Supply. 

Already Manchester brings its supply from Winder- 
mere ; G-lasgow from Loch Katrine ; and Liverpool from 
iroter^mTT^^ Vyrnwy. In the last instance, the additional supply, de- 
clared urgently and immediately wanted eighteen years 
ago, has been rendered unnecessary until now, although 
the population has increased 172,000 in the meantime, by 
the prevention of part of the waste by means of 
Mr. Deacon's waste- water meter. Had the balance of the 
waste that arises through the consumer's negligence as to 
the state of his fittings, which now goes on until detected 
by the Corporation Waterworks' inspectors; and through the 
careless or intentional misuse of water — had this balance 
been also stopped, it is probable that this further 
supply, costing about two millions sterling, would never 
have been necessary. This waste can only be stopped by 
giving the consumer a direct interest in so doing, which is 
done if he pays by meter. 
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An American engineer of wide experience, a member Estimate of 
of the American Waterworks Association, calculates loss America. 
by waste in the United States, from all causes, at 66 per 
cent, of the total quantity of water sent into the mains. 
This is in excess of the estimated loss in England. 

There are in South America and elsewhere many towns 
where the whole supply is by meter, the cogent reason for 
the adoption of that method of payment being the scarcity 
and consequent high price of water, which does not admit 
of waste either from the supplier's or from the consumer's 
standpoint. In many of the larger Continental cities Meters snper- 
including Paris, Berlin, and Vienna,* meters have super- S^ntin^tai 
seded rates for that reason, and in no case has the public *^p**^- 
health suffered because of the smaller consumption of 
water. K, then, this system is found not only efficient 
but necessary in such cases, why is it not equally reliable 
and desirable where water is cheap? Waste may be 
tolerated where there is abundance, but it is hardly 
business-like, and in London has brought us to the end 
of our tether. 

A striking instance of the efficacy and advantage of meter by^the 
supply by meter is furnished by the London Hydraulic HydSSue 
Power Company, who supply all their consumers by Power Com- 
meter, and have had the satisfaction during the last two 
years of registering and of receiving payment for no 
less than 96 per cent, of the total water pumped, f Con- 
sidering the fact that this water is delivered at a 

• A paper was recently read by Mr. Gill, of the Berlin Waterworks, showing 
the excellent results achieved by the adoption of supply by meter. Previous 
to which the supply, when given on the rating system, had proved quite 
inadequate. 

The Parisian Authorities have just decided to extend the meter system over 
their whole district of supply, as in no other way can they oope with the 
demand. 

t The figures given by the Chairman of the Company, in his speech to the 
shareholders, on March 4th, 1891, are 1888, 95 45 ; 1889, 9676. 
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pressure of 760 Ibfl. per square inch, this is an engineering 
achievement of no mean order, and reflects the highest 
credit both upon the conception and upon the carrying 
out of the work. 

The testimony thus adduced to the possibility of 
charging by meter under circumstances of 8(v great diffi- 
culty is a strong a fortiori argument for the practicability 
of the method for ordinary waterworks purposes of all 
kinds. 
EBtimated Before incurring the expense — ^which has been estimated 

Sew ^Bup^^to at about .£20,000,000 — of bringing a new supply into 
London, it might be advisable to consider the probable 
effect of spending about one-seventh of that sum in properly 
Adoption of utilising the supply already available. It is submitted 

meter exipply . t-a.^ ^ 

advisable that this could be done by substituting the present rating 

system by supply by meter, and by stopping or minimising 
the waste on the suppliers' mains by the general adoption 
of waste-water meters. 

ProT»bie effect The beneficial effect of this alternative would not be 

and saving if 

this were done, confined to the rig 17,000,000 saved, but would be percep- 
tible in the improved quality of the water itself ; filtration 
would be more efficiently, because more slowly, effected. 
Also, the reduction of the draught on the Thames would 
have a distinctly purifying effect on the lower part of 
the river, which it needs not a little. 

Effect on It has been declared that sanitation would be endangered 

sanitation. ^ 

were supply by meter to become general. Whatever danger 
may appear at the first glance will vanish if one looks 
more deeply into the matter. 

Waste is not a concomitant of cleanliness, but economy 

often is. 

The poor. It is said that too little water will be used by the poor 

if it is paid for by quantity. What are the facts? 

We have under any system the ** great unwashed,** who, 
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so far as personal cleanliness is concerned could not 
possibly use less water however it were sold. The 
amount of water required for house-sewage purposes 
is practically bejond their control. And both these 
people and those of the artizan class who live in model 
lodging houses, tenements, or apartments have but 
an indirect interest in the price of water. It is included 
like other taxes in the rent they pay to their landlord. 
The other portion of the artizan class and the lower 
middle class, including very small shopkeepers, would 
have greater reason for economy in water than either 
those below or those above them in the social scale. 
Of these the vast majority are too wise to forego the 
cheap luxury of cleanliness, and to risk the dangers to 
health which would be brought about by unduly stinting 
the use of water. 

But even granting that this dangerous disposition did Sanitaiy 
exist it would be easily met by a small minimum charge, 
based preferably on the number of occupants of each 
house. This would safeguard the public health from this 
source of danger, and yet should be so light a tax that the 
cost of the 'proper minimum consumption of the smallest 
household should not be exceeded. A high minimum 
would be undesirable because the benefits of meter supply 
would be lessened by the amount of the margin of waste 
thus provided in some cases. 

It has even been contended that a minimum charge is 
not needed. Without debating this point there is no 
doubt that a low minimum tends to assist sanitation 
and to secure the remuneration of the supplier without 
causing any loss or hardship to the consumer, and it 
should, therefore, be embodied as one of the conditions 
of any scheme for the supply of water by meter for 
domestic purposes. 
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In London and 
other large 
towns in 
England adop- 
tion of gliding 
scale for the 
poorest classes 
advocated. 



Season for 
reducing price 
to poor. 



Sliding-Bcale 
benefits rich as 
well as poor. 



In foreign 
towns no 
sliding-scale. 

Beason of this. 



Undoubtedly, the method of procedure with regard to 
the poorest classes, requires much consideration. Before 
proceeding to suggest a way to deal with the question, it 
will be well to point out the policy of making, in their 
favour, the exception to the principle of payment in 
absolute proportion to the quantity used, which was 
referred to previously. To carry out this principle in its 
integrity, necessarily involves charging the same price per 
thousand gallons throughout all districts, and to propose a 
lowering of price on a sliding-scale, for the less favoured 
districts and houses, seems a deviation from rule. But 
the requirements of sanitation supply one reason why this 
is politic. For similar areas, the drains receive more 
sewage in a poor crowded district than in a wealthy one. 
More water is needed to flush and cleanse these sewers. 
It would press hardly on the impoverished, had they to 
bear all the burden. The health and welfare of the com- 
munity concerns all, both rich and poor. It directly 
benefits the well-to-do classes, that the poor are sanitarily 
sound. Therefore, by the adoption of a sliding-scale, let 
the rich, provide a portion of the cost of this cleansing of 
sewers, as they do of the cost of making and maintaining 
the sewer-fabric in the poor districts. They thus would 
contribute towards the well-being of the community at 
large, and so indirectly would receive value for their 
money. The original principle would thus remain virtu- 
ally intact. It may be asked if, in towns on the Continent 
and other parts of the world, the charge is the same for 
all classes, why adopt a sliding scale for London ? The 
reason for the difference is this : In the former, owing to 
the desire to confine the cities within their fortifications or 
walls, the lower classes dwell chiefly in many-storied 
houses, in which the drain-pipes and connections are short, 
and easily cleansed without much expense in water. (A 
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well-known English engineer once described these tower- 
ing and crowded buildings, as "streets on end*'). In 
London, are miles of streets of poor dwellings containing 
three or four rooms each. This entails miles of drains, 
etc., and large quantities of water to cleanse them. 
London as a city is unique, and the number of its lower 
orders unparalleled. Hence, exceptional measures mast 
be taken to meet exceptional contingencies. Leaving, for 
the moment, the question of the price to be paid per 
thousand gallons, consideration must be given to another 
point whi3h has been urged as an obstacle to universal 
metermg. This is the cost of the meter itself. Here Cost of measur- 
again, our mode of living causes the difficulty. In 
Continental cities, the sixty or seventy inhabitants per 
dwelling divide the cost of the meter which, with us, 
must be divided between seven persons (7*4) only — 
such being the average number of occupants per house in 
London. 

The cost of the meter, which includes interest on capital, 
amortisation of first cost, repairs and inspection, must be 
discharged by the consumer, either as meter rent, or as Meter rent, 
part of the price paid per thousand gallons for water 
consumed. The annual charge for meters suitable for 
small houses may be taken at from 6s. to 9s. 

Now it is obvious that as there are in London alone tens 
of thousands of houses, the water rates of which now do 
not exceed 10s. each, such a meter rent cannot be imposed 
in addition without unduly increasing their present pay- suding-soaie 
ments. Keeping in view the assumed object of charging tended t^ ^* 
the poor no more for a proper and sufficient quantity, Sf^Jmea?"* 
taken under the meter system, than they now pay by rate b^tS^cost oT 
for any quantity they use or waste, a meter rent is ^^^^^^^^ 
prohibitive. It is, therefore,, necessary to adopt the plan 
of merging the meter rent into the, price paid for water, 
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and of making the price so low that the cost up to the 
sanitary minimum will not exceed the present water rate. 
This means make the rich pay for the poor— which is the 
assumed desideratum. Clearly any departure from the 
rigid application of this principle, in favour of the equali- 
sation of actual payment, tends to remove the only 
theoretical obstacle in the way of payment by measure. 
But it is preferable to suggest a solution of the question 
in its most difficult phase. 

In illustration of the views here advanced, suppose the 
following sliding scale were adopted : — 



Houses or tenements 

having a net annual 

value of : — 



Under £10 
£10 to £20 
^820 to £30 

Above £S0 



Chargre per thousand 
gallons up to a sanitary 
minimum for water sup- 
plied by Meter. Charge to 
inclade Meter rent. 



6d. 

7d. 

lid. 

Is. 2d. 



Chaise per thousand 
gallons supplied in ex- 
cess of the sanitary 
minimum. 



Is. 2d. 

Is. 2d. 

Is. 2d. 

Is. 2d. 



Sanitary minimum to be ten gallons per head per day.* 

It will be found that on the above scale the charge for 
water by meter, up to the sanitary minimum, would be 
about the same for a household of seven persons — the 
average number of inhabitants per house in London — 
as the charge under the present rating system. 

It is suggested in the above table that when the con- 
•umption exceeds the sanitary minimum all should pay 
alike — ^for wat^r then ceases to be a necessity ; it becomes 
a luxury. 

It may be objected to the above suggestion that the 
principle advocated of embodying the meter rent in the 
price of water aggravates the present inequality of payment 



* Waste preventers or flushing tanks should he compulsory, in order to 
secure the more thorough cleansing of the drain-pipes and sewers. 
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because not only is the poor man to get his water for 
as small a payment as of old but also is to have a meter 
for nothing. This would be true but for two facts : — First, 
many of the poor now get their water much cheaper than is 
apparent ; for they pay a very low rate — say lOs. — and 
obtain in return —owing to the way they waste and abuse 
it — much more water than is their due. In confirmation 
of this, actual experiments have proved that while some . 
well-to-do people are paying at the rate of 4s. per thousand 
gallons, others — poor ones — are getting all they take — and 
far more than they need — for one penny per thousand 
gallons of collected, impounded, filtered, pumped and 
delivered water. More than four tons of water for a 
penny 1 Surely this is going a little too far in helping the 
poor. In the next place, not all the poor will confine 
themselves to the sanitary minimum; many can afEord, 
and will take, some water at the price paid by the rich. 
Part of the better piice obtained in these two ways for 
water supplied by meter may fairly be considered as meter 
rent.al. 

So the old and new systems considered solely in relation Table griving 

, '' comparison of 

to a poor district would compare as follows : — Bystema. 





Amount paid per annum 

for Water for the Poorest 

Class of Dwellings. 


Price per thousand 

Gallons consumed in a 

Poor District. 


Old system 
— By rate. — 


IDs. 


From Id. to 8d. 


New system 
— By meter. — 


lOs. plus amount 
for water used in 
excess of the sani- 
tary minimum. 


5d. ; and Is. 2d. 
for quantity con- 
sumed in excess 
of the sanitary 
minimum. 
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It is submitted that the foregoing suggestions afford at 
least a basis on which to build a practicable scheme for 
the adoption of supply of water bv meter for domestic and 
all other purposes. 

The sort of " legalized state socialism " involved in the 
rating system which cheapens water to the poorer classes 
at the expense of the well-to-do, and which its advocates 
aver is its chief merit, is retained in the above method of 
supply by meter. 

At the same time the abominable waste now prevalent — 
particularly in the dwellings of the poor — is permanently 
cured. No inspections, no stamped regulation fittings 
can do more than alleviate the evil ! The meter system 
eradicates it. 
SerauTut Much has been said herein about the exception to the 

Umited. principle enunciated in the beginning of this chapter, of 

all paying alike, but it must be remembered that the 
class in whose favour this is made forms after all only the 
minority of the consumers. All consumers in the same 
stratum of society — judged by house rent — and all con- 
sumers of any, and every, rank above ^830 " raters " pay 
equally, in proportion to value received. 

Now to assess the cost to the present consumers of 
supply by meter. Let it be assumed that, in order to 
continue to the water companies the same aggregate 
revenue that they now enjoy, the price of water per 
thousand gallons should average Is., and that the cost of 
providing and fixing meters would be amply covered by 
.£3,000,000. 
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This would give — 9^>^ ^' meter- 

^ mg present 



Interest at 4 per cent, per annum . . . iil20,000 
Amortisation, 3 per cent, per annum . . . 90,000 
Eepairing, 3 per cent, per annum . . . 90,000 
Inspecting 10,000 



BupplieB. 



310,000 



Less economy effected by one-third less 
pumping and other expenses incidental 
to the quantity of water pumped ... 90,000 



Balance, being the net annual cost of 
metering ^6220,000 



This amount would be approximately equivalent to 
l}d. per 1000 gallons supplied, which, with the proposed 
charge for the water, would give a total average rate 
of Is. l^d. per 1000 gallons. The water saved — say, 
60,000,000 gallons per day — would then be available for 
an increased population of 3,000,000. 

It is tnie that at the present moment there is not actual 
need to incur this annual charge of <£220,000, as the 
present supply distributed in the present manner is suffi- 
cient for the existing population. But it is admitted on 
all sides that something must be done, and done at once ; 
for, whether it be a new supply of water, or the substitu- 
tion of supply by meter in lieu of the rating system, it will 
take many years to carry into effect. 

It seems impossible that London can continue to increase 
during the next two decades at the same rate it has done 
for the past two ; this would mean adding to its already 
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immense mass an extra population in itself equal to tlie 
whole of that of any other capital in the world. Still, 
until there are more evident signs of a change than at 
present, we can only estimate the future by the past. 
Water must be provided for the coming host, whom let 
us estimate at two million souls. Shall this be done 
by properly utilising the present ample supply, or by 
obtaining further supplies of water from new and 
distant sources? There are two points by which to 
weigh the merits of these alternative schemes— time and 
cost. 
ijength of time If WO may judge from the experience of Manchester 
snppUes avail- and Livei'pool, and considering the distance the water 
would have to be brought, it would be at least fifteen years 
before a new supply could be available, while the need of 
it will probably be markedly felt before half that period 
has elapsed. Meters on the other hand, although it might 
be as long or even longer before every house could be 
metered, would exercise a beneficial effect from the very 
Meters at once Commencement of the application of the system. By 
Syai^bte"^®' dealing first with those districts or houses where most 
supp es. waste was suspected, a margin of water available for the 

supply of the advance guard of the new army of consumers 
would soon be provided, and the supply could be kept 
fully equal to the demand. 

To properly consider the second point — cost — it is 
necessary to look forward to, say, the first decade in the 
twentieth century. Let it be supposed that the population 
has increased by two millions, and that their 250,000 new 
houses are supplied on the rating system by water brought 
from Wales. What will be the cost ? 
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Estimated cost of works to 
bring waterfrom Wales 
to London 


^620,000,000 




Coitoffres' 
supplies. 


Interest on the above at 
4 per cent, per annum 




£800,000 




Annual cost of maintenance 
of works, pumping, 
salaries, and other 
expenses incidental to 
new supply 




560,000 






£1,350,000 





N.B.— The extension of the present distributing mains 
and of all other expenses connected with the distribution 
to the new consumers are not included in these estimates, 
as these items would be the same under both systems. 

As against these figures, those representing the cost of 
the meter system must be placed as follows : — 



Cost of meters and fixing £1,000,000. 
Interest at 4 per cent, per annum on 

above sum 

Amortisation at 3 per cent, per annum 

Eepairing at 3 per cent. 

Inspecting ... 



Add estimated annual cost of metering 
all present supplies (see page 107) 



.640,000 

30,000 

30,000 

6,000 

.£105,000 

310,000 

^15,000 
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As the existing supplies, reservoirs, filter beds, 
pumping engines, &c., would be sufficient for an 
increased population of at least 3,000,000 no further 
capital expenditure would be necessary under these 
heads. 
Oompariaon of The figures given above show that to provide a supply 
costs. of water for a further population of 2,000,000 people 

would cost £1,350,000 per annum (plus cost of distributing 
mains, etc.), if supplied on the rating system as against 
£415,000 per annum (plus cost of distributing mains, etc.), 
if all London were supplied on the meter system. The 
saving effected by the latter would then be £985,000 
annually. 

No matter whether consideration be given to equity of 
payment, to the time that must elapse before water is 
available to supply an increased population, or to the cost 
of providing such further supply, it is demonstrated that 
on any and all points the advantage rests with the system 
of supply by meter. 

The argument may be used, in opposition to metering, 
that even if it so economises the present supply that it is 
available for the requirements of a further 3,000,000 
consumers, yet at the present rate of the growth of 
London, fresh supplies will nevertheless be needed in forty 
Need for years time. The ultimate size of London is a problem 

economising aU •' ^ 

supplies in view only to be solvcd by the future, but enough for the present 

of great growth '' . 

of population, purpose to reply that if it should continue to add to its 
already phenomenal proportions as of late, the necessity 
of economising to the utmost the present and all further 
supplies is much accentuated. All available sources and 
gathering-grounds would be requisitioned at fabulous cost, 
and yet the demand would exceed the supply. If, on the 
other hand, the population should not increase more than 
another million, or so, and then remain stationary, it will 
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have been gratifying to have avoided an unnecessary 
expenditure of £16,000,000. 

Eeference has been made to the highly satisfactory 
results attained by the adoption of the meter system 
in various parts of the world. Some details are appended 
below of the precise effects of the change in certain towns 
in the United States. 

The following facts referring to the town of Flushing, The town of 
N.Y., were given by Mr. G. A. EoulKer in a paper U.S.A., tmder 
read at a meeting of the New England Waterworks ^^^^^^ ^' 
Association : — 

** Population 8000 ; system, direct pumping ; works, 
four miles from town ; connecting main, 12 inches in 
diameter ; no manufacturing interests of consequence, 
the place being composed almost entirely of residences. 
In 1886 the consumption rose to 120 gallons per capita. 
With a pressure of 76 lbs. at the pumps only 35 lbs. could 
be maintained at the office during the hours of maximum 
consumption, — the two gauges being practically on the 
same level. 

"In cold weather the consumption during the small 
hours of the night exceeded that during the hours of 
daylight. The lack of pressure was complained of 
throughout the place, and in many of the elevated points 
in the village the supply ceased altogether during the 
hours of maximum consumption. 

"As immediate action was necessary, metering was Under meter 
decided upon, in the face of the bitterest opposition. 
After considerable trouble 100 meters were set on those 
services where waste was supposed to be the greatest. 
The pressure at once rose from 85 lbs. to about 42 lbs., 
and the daily consumption per tap fell from 754 to 578 
gallons. 

" The benefits derived from these few meters were such 



system. 



Digitized by VjOOQ IC 



112 

that the system was extended, until in 1889 46-/^*^ per 
cent, of the taps were metered. 

"During that year the maximum average daily con- 
sumption per tap was the same as the minimttm average 
daily consumption per tap of the year 1886, notwithstand- 
ing the fact that in 1889, 232 more services were in opera- 
tion than in 1886. The annexed table will explain the 
benefits in detail. 
BesnitB of " To-day 620 meters are set, and with 70 lbs. at the 

PiuaSnl," pumps a pressure of 60 lbs. is readily maintained in the 
* '^' office, and ample service is furnished throughout the village. 

The coal consumption has been reduced 400 lbs. per day. 

" On all metered premises the adjustment of complicated 
rates has been done away with. Disputes as to excessive 
use of water have ceased. The landlord gets the benefit of 
any vacancy that may occur in his premises. The consumers 
are charged according to what they use. The numerous 
inspections are of the past. Simplicity and economy have 
taken the place of complication amd wasteftUness.^* 
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Table Showinq Economy Effected theottoh the 

Adoption of the Meter System at the Flushing 

Watebwoeks, U.S.A. 

O, A. Eoullier, Swperintendent. 



January .. 
February.. 

March 

April 

May 

June 

July 

Au^st 

September 

October 

November 
December.. 



1886. 



1887. 



3'd fii 

III 



584 
578 
670 
534 
5C9 
460 
472 
496 



I 



si 



9-41 
1211 
12-88 
13-34 
13-88 
14-85 
16-16 
16*43 



1888. 



lit 



< bo 



586 
581 
528 
509 
661 
587 
583 
508 
490 
404 
516 



si 



15-41 
15-75 
15-75 
15-81 
16-47 
16-82 
16-74 
1701 
17-27 
18-33 
18-78 
19-26 






521 
574 



481 
478 
487 
454 
445 
416 
416 
410 



I 



19-73 
20-38 
22 43 
33-71 
39-45 
42-62 
44-83 
45-62 
45-85 
46-20 
46-68 
46-78 



The following statements and figures are taken from a 
paper read by Mr. C. B. Brush before the American 
Society of Civil Engineers. They are compiled with such 
evident care and accuracy that they can hardly fail to be 
of interest to all water engineers. 

On November 1st, 1882, Hoboken, N.J., with a popula- 5*g^5^^«^' 
tion of about 33,600 people, had just had 16 miles of new 
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Consnmptioii 
nnder ratii^ 
system. 



SftTioir effected 
by metering. 



water mains laid. Tor 25 years previously Hoboken liad 
l)een supplied, under the house-rate system, by the water- 
works of Jersey City. When the new supply was turned on, 
the first six months' consumption showed a daily demand 
of nearly 4,000,000 gallons. Mr. Brush was convinced 
that one-half of this was simply waste, and he at once 
took prompt action to check it, without restricting the 
legitimate use of water. The result has been to save 
about 1,500,000 gallons per day, reducing the waste about 
equally on mains and that due to consumers. 

The following table shows a comparison of the results 
obtained during the first six months of the first and fifth 
jears of the new supply : — 



Popnlatloii 

Taps unmetered 

Taps metered 

Total Taps 

Daily draft. United States gallons, unmetered.. 
M «, 0t metered .., 

Total 



Six months 
from Not. 
1, 1882, to 

Stay 1, 1883. 


Six months 
from Nov. 
1, 1887, to 

Hay 1.1888. 


38,000 


41,000 


2867 


2648 


47 


822 


2714, 


3470 


3,471,645 


2,022,843 


459,099 


946,975 



3,930,744 



2,968,818 



Mr. Brush does not charge this entire result to the 
attachment of meters, but to other precautions in addition. 
House-to-house inspections were made twice a year, as 
well as night inspections of the mains and service-pipes. 
The reduction of waste in service-pipes was, however, 
mainly due to meters, used where consumers were supposed 
to be most wasteful. This is given as not only the most 
effectual method of restricting consumers but of de- 
termining leakage from mains where metering is universal. 

The pressure is now 25 per cent, higher on the mains 
than before this waste was checked. 
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Mr. Brush then gives the following t&bles showing the 
effect on the company's receipts of the system which had 
saved them so much in expenditure. 

Tables showing the actual effect of the attachment of 
meters during the fall of 1885 on 439 houses in Hoboken, 
previously supplied for many years on the house-rate 
system : — 



Number of Consumers' Former Present 

▲ccottnts Bednoed or Increased. House Bates. If eter Bates. 

Nov. 1, 1885, to Feb. 1, 1886. 



83 per cent, reduced 

17 i, moreased 



Dols. 
... 2978-39 
... 687-41 



Dels. 
2047*92 
1042-73 



3665-80 3090-65 

Feb. 1, 1886, to May 1, 1886. 

63 per cent, reduced 2382*13 1433*28 

37 „ increased 142487 2610*60 



59 per cent, reduced ... 
41 ,, increased 



3807*00 4043*78 

Mat 1, 1886, to Ara. 1, 1886. 

2254-88 1453-26 



... 1666-95 
3821*83 



2775-17 
4228*43 



57 per cent, reduced ... 
43 ,, increased 



Au&. 1, 1886, to Nov. 1, 1886. 

2188*46 1447-16 

1633-38 2813-29 



Differw Comparison of 
ence. receipts under 
rating-and 
under meter 
Loss, systems at 
Dols. Hoboken, 
930*47 U.S.A. 
355*3a 



57515 



Gain. 

948*85 

1185-53 



801*62 
1208-22 



406-60 



741-29 
117991 



3821*83 

Nov. 1, 1886, to Feb. 1, 

72 per oent reduced 2751*72 

28 „ increased 1070*11 


4260*45 

1887. 

1941*04 
1948*81 


438*62 

810-68 
878*70 


3821-83 

Feb. 1, 1887, to May 1, 

75 per cent, reduced 2684-71 

26 „ increased 1025-35 


3889-85 

1887. 

1606-88 
1661-09 


68-02 

Loss. 
1077-83 
636-74 


8710*06 

May 1, 1887, to Ato. 1, 

58 per cent, reduced 2216*67 

42 „ increased 1605*16 


3267*97 

1887. 

1558*00 
2737-72* 


441-Oa 

Gain. 

668 67 
1132*66 



4295-72 



473*89 
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KnmlMr of Ckmsamers' Former Present Differ- 

▲cconnts Beduoed or Inoreased. House Bates. Meter Bates. ence. 

Aug. 1, 1887, to Not. 1, 1887. 

Gain. 

Dols. Dols. Bols. 

62 per cent, reduced 2431-28 1580-34 850-92 

88 „ increased 1405-16 2450-48 104527 

8836-42 403077 194-85 
Nov. 1, 1887, to Feb. 1, 1888. 



67 per cent, reduced 247778 1709-49 

88 „ increased 1160-37 1981-67 82130 



363815 3691-16 53-01 

Ebb. 1, 1888, to May 1, 1888. 

70 per cent, reduced 265014 1947*87 702*27 

80 „ increased 1059-92 1833-83 77391 



3710-06 378170 71*64 

These results show a net increase of revenue of 925*57 
dollars, to which must be added the amount represented 
by water saved. It is particularly to be noted that 
66*6 per cent, or exactly two- thirds of the consumers pay 
less by meter than they did under the rating system, but 
yet the remaining consumers pay so much more under 
the meter system that the net result is an increase of 
nearly 1000 dols. paid for water. The same tendency was 
observed in the next experiment, in which, in order to 
ascertain the effect of the meter system in a new district, 
191 average dwellings were selected connected with the 
high-service plant. Each dwelling contained about eight 
occupants. These houses were metered. If house 
rates in each case had been charged, the daily draft 
2?er capita would have been about 75 gals., and the 
following result would have been obtained : — 

Houses. Annual Bevenue. Daily Draft. 

191 2,645-48 dols. 115,000 gals. 
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TJie f ollowiug have been the actual reeults : 



First six months, winter ... 
Second six months, summer 
Third six months, winter ... 
Fourth six months, summer 
Fifth six months, winter ... 
Sixth six months, summer 
Seventh six months, winter 
Eighth six months, summer 
Kinth six months, winter ... 



Annual 


Daily 


Bevbnue. 


Draft. 


Dols. 


Gals. 


1081-82 


12,860 


1617-26 


18,942 


1510-44 


18,000 


1859 -M 


24,000 


138517 


16,650 


1959-24 


23,0C0 


1761-62 


21,645 


2083-84 


25.387 


1825 92 


22,516 



At house rates each house would have avera^d 13*85 
dols. per annum. 
At meter rates the actual return was 9*56 dols. : — 



At the rate of first six months, winter ... 



second 


„ summer 


third 


, winter ... 


fourth 


, summer 


fifth 


„ winter... 


sixth 


, summer 


seventh 


, winter ... 


eighth 


, summer 


ninth , 


, winter ... 



Dols. per 
annum. 

5-66 

8-46 

7-90 

9-74 

7-68 

10-25 

9-16 

10-91 

9-56 

In this instance, therefore, the payment was 69*1 per metering at 
cent, of the amount that would have been receivable under u.a^*°* 
the rating system, but the water used was only 17*6 per 
cent, of that which would have been used imder the 
rating system. So that more than two-thirds of the pay- 
ment was obtained by the sale of less than one-fifth of the 
commodity. Not only, therefore, is the balance of 
gain in favour of the supplier, but the revenue is a steadily 
increasing one, so that gradually it would, as in the 
previous cases, exceed the amount obtainable by rate. 

Each corresponding period shows a constantly increasing 
use of water. It will be noticed that in a metered district 
the draught in winter is less than in the summer. In un- 
metered districts the reverse is the case. During the 
extremes of cold and hot weather the draught per capita 
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is about the same in both districts, but after the extreme 
weather has passed, the waste in the metered district 
immediately ceases, while in the unmetered district the 
waste continues for soma time. 

Mr. Brush refers at some length to the advantages to 
be obtained under the meter system by the detection of 
leakage in mains, as shown by difference between the total 
registration of consumers' meters and the quantity sent 
into the mains. 

It will be seen from the following table that, during the 
latest quarter, 356 consumers, out of a total of 775> used 
less than 4 dols. worth of water per annum, and 
practically this proportion of small consumers appears 
in each of the nine quarters given. In order to check 
this economical tendency of some of the consumers in a 
new district, the company was obliged, during the year 
1886, to establish a low minimum rate depending upon the 
size of the meter attached to the consumer's service pipe. 



Claeeificafion of Consumere of the High Service District 
of the HackenscLcJc Water Convpamy, re-orga/nised, ac- 
cording to Amounts Paid Annually previous to the 
establishment of a Minimum Bate, All the Consumers 
were Metered, 



CLABSinCATIOV. 

Amouwt op Water 

COKSrVED 

FEB AlTNUV. 

DolB. Dols. 
Between and 2 

" I 

ft 
" 8 
.. 10 
.. 12 

" IS 
„ 20 

.. 40 

80 



8 
10 
12 
16 
20 
40 
80 
200 
Over 200 dollars 

Total ... 



No. OF CONSrVSBS IN EACH ClASS OH QUABTEB BKDIKO 

Feb. Nov. Aug. May Feb. Nov. Avig, May Feb. 
1886 1885 1885 1885 1885 1884 1884 1884 1884 



164 ... 
192 ... 
124 ... 

66 ... 

43 ... 

40 ... 

49 ... 

26 ... 

68 ... 

12 ... 
7 ... 
6 ... 



107 ... 
166 ... 
106 ... 

72 ... 

45 ... 

20 ... 



65 ... 
17 ... 

5 ... 

5 ... 



57 .. 
123 .. 
67 .. 
65 .. 
37 .. 



29 ... 

69 ... 

10 .. 

10 ... 

6 ... 



128 
125 , 



21 , 
17 . 
62 . 
10 . 
10 , 
5 . 



.. 127 ... 
.. 107 ... 
.. 71 ... 
.. 36 ... 
.. 30 ... 
. 16 ... 
.. 24 ... 
. 14 ... 
. 32 ... 
. 9 ... 
4 ... 
,. 5 ... 



93 ... 

67 .. 

40 .. 

19 .. 

16 .. 

31 .. 

21 .. 

37 .. 

11 ... 

6 .. 

4 ... 



37 ... 66 , 

60 ... 46 

37 ... 30 

82 ... 12 , 

22 ... 16 

9 ... 10 . 

24 ... 12 . 

9 ... 5 . 

31 ... 10 . 

7 ... 8 . 

6 ... 4 . 

4 ... S . 



25 
20 
13 
8 
9 
7 
7 
2 
4 
3 



775 ... 676 ... 548 ... 



474 ... 410 ... 277 ... 222 .. 216 
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The result of the experience of this water company is 
that the meter system is mutually advantageous, both 
to the consumer and the company. Each metered con- 
sumer pays only for the water he uses, and there are no 
restrictions either as to quantity used or to the time of 
use. No inquisitorial examinations of premises, so 
unpleasant to consumers, are required. It is to the 
interest of each consumer to have good plumbing. Those 
who are careless and wasteful, and those who require or 
desire to use more than an average amount of water, 
must and should pay for such excess, but the balance, 
constituting two-thirds of all the consumere, pay less hy 
meter than hy house rates. Meters were attached only 
after intense and prolonged opposition. Common sense 
prevailed, however, and now they are quite popular. 

Says Mr. Brush, "Perhaps the greatest folly of our 
time is the almost universal attempt of cities and towns to 
increase their water-supply plant to keep pace with their 
waste. It is a hopeless task. It amounts to the same 
thing as attempting to fill a pail which has only a sieve 
for a bottom. The amount of water that can be used is 
limited; the amount that can be wasted has no limit. 
The patience of man has a positive limit, and therefore 
any amount of water should not be considered as waste, 
if drawn from a self-closing cock held open by hand — 
drawn for sprinkling gardens, lawns, roads, side-walks 
and buildings, through a hose held in the hand — drawn 
for fountains or for use in the various forms of business 
— ^but certainly water leaking from street mains, service 
pipes and fixtures out of order, is useful to none, a damage 
to the individual consumer, and a serious tax on the com- 
munity. Flushing pipes and drains from time to time is 
not waste; but allowing small streams of water to run 
continuously from partially open faucets and cheap water 
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closets is waste of the most serious character, and if not 
continually watched and checked will soon reach alarming 
proportions." 

Town of Mr. Wm. Q-. Richards, Superintendent of the Atlanta 

Benefltaderived Waterworks, writes as follows : — 

of mSter^iaUeu ** OuT works are city property, and are used for almost 

MjS^ ^T^J and all purposes for which the city can use water, 

such as puddling ditches after laying sewers or water 
mains, flushing sewers, and frequently for washing 
gutters, so that anything like a comparison of the pumping 
with the meter records would be an impossibility. Then, 
the public schools are not metered, the city claiming the 
right to use all the water they want. 

" Meters were introduced here as an absolute necessity. 
The pumpage had become so great that, with our ma- 
chinery, it was impossible to maintain a satisfactory 
pressure, and the city was not in a condition to put in 
more pumping machinery and a larger main. Meters 
have now been in general use here about three years, and 
the pumpage does not reach an average of 2,000,000, and 
before their general introduction it frequently reached 
5,000,000 per day. Our number of consumers has regu- 
larly increased, but the waste is stopped, and the pressure 
is satisfactory all over the city." 

SmmMary. It may not be out of place to conclude this long chapter 

with an epitome of its argument and fact. 

London and other large cities in Q-reat Britain are 
feeling the need of further water supplies. That the 
number of "fresh fields and pastures new" is nearly 
exhausted is attested by the fact that the metropolis and 
one of the great Midland cities were recently competing for 
a water- shed some seventy miles distant from the one and 
over one hundred and fifty from the other. 
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It is admitted by the great majority of water engineers, 
if not by all, that nearly one-half of the quantity now 
delivered into the mains is wasted. That is, if aU the 
water at jpresent available were rightly used it would 
serve a pojpulation nearly dovhle the number of that now 
existing. 

The same difficulty of supply and demand has been 
experienced in many of the large cities of Europe and 
of America. In every case the adoption of supply by 
meter has remedied the evil by preventing waste. 
Existing supplies have then proved more than adequate. 
The same measure would effect the same cure in Great 
Britain. This is admitted, even by opponents of the 
meter system. But it is contended that there are difficulties 
peculiar to our mode of life, that prohibit the adoption of 
supply by meter in this country. Chief among these is 
the undoubted fact that supply by meter would entail 
hardship on the poorest portion of the community if they 
paid at the same rate 'per thousand gallons as the wealthier 
classes. This objection can, by the introduction of a 
sliding scale of payment per thousand gallons, be easily 
obviated, and the same help can be extended to the poor 
when water is supplied by quantity as now is when it is 
supplied by rate. 

The demands of sanitation and humanity can thus be 
satisfied, while the virtues of economy and carefulness are 
inculcated. Waste' need no longer be tolerated merely 
because it occurs in a poor district. But if by a new 
supply wastefulness be rewarded by fresh gifts of things 
wasteable, it is but putting a premium on waste, and 
therefore discounting the adequacy of future new supplies. 

Payment by quantity is the only known means of 
permanently reducing waste to its minimum. It surely 
cannot be to the interest of even the poor to permit the 
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continued waste of a vital commodity, the end of the 
supply of which is within view. 

Whether is it better to temporize, t,e., at immense cost 
seek fresh supplies that may suffice for some years ? or at 
a seventh of that cost to effect a permanent and sufficient 
economy ? 

Granting that for sanitary and social reasons the poor 
must be relieved at the expense of the well-to-do, so that 
in either case the latter must " pay the piper *' whether for 
new sources of supply or for the conservation of the old, 
the question is, Will he prefer to pay £4 in order that he 
and the poor man may go on worsting water at will? 
Or will he pay £1 and forego waste? 

It is not necessary to more than refer as a last, but by 
no means least, point to the equity of payment secured by 
the meter system. Every one receives in direct proportion 
to what he pays instead of, as now by rate, either putting 
his hand into his neighbour's pocket, or groaning under a 
water rate that would suffice for a whole village in return 
for the privilege of washing his hands at his office. 

The adoption of supply by meter will, in the immediate 
present, save the unnecessary expenditure of about 
^617,000,000. If after half a century the continued growth 
of the population should at last render necessary a further 
supply it can then be brought with much greater likelihood 
of being permanently useful and of being economically 
consumed; for the Nation of London would, owing to 
its meter education, have learned to appreciate, and not 
to abuse one of the chief of Nature's necessaries. 
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Thompson, Esq., M.R.C.S. — Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, £sqrs. — Retorts, Iron and Clay — Retort Setting — Hydraulic Main — Con- 
densers— Exhausters— Washers and Scrubbers— Purifiers— Purification — History of Gas 
Holder— Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holders — Station Meter— Governor — Distribution- 
Mains — Gas Mathematics, or Formulae for the Distribution of Gas, bv Lewis Thompson, Esq.— 
Services — Consumers' Meters — Regulators — Biumers — Fittings — rhotometer^— Carburization 
of Gas— Air Gas and Water Gas-Composition of Coal Gas, by Lewis Thompson, Esq. — 
Analyses of Gas — Influence of Atmospheric Pressure and Temperature on Gas— Residual 
Products— Appendix — Description of Retort Settings, Buildings, etc., etc 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals, By W. R. Kutter. Translated from articles in 
the * Cultur-Ing^nieur,* by Lowis D*A. Jackson, Assoc. Inst C.E. 
8vo, cloth, I2J. td. 

The Practical Millwright and Engineer's Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc 
By Thomas Dixon. Fourth edition, i2mo, cloth, y. 

Tin: Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charleton, Mem. American Inst, of 
Mining Engineers. With plates^ 8vo, cloth, \2s, 6d, 
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Perspective^ Explained and Illustrated. By G. S. 

Clarke, Capt R.E. WUh illustroHons, 8vo, cloth, 3J. 6d, 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc • By Thomas Box. Ninth edition, 
numerous plates^ post 8vo, clo^, 5j. 

The Essential Elements of Practical Mechanics ; 

based on the Principle of fVork, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for CivU 
Engineers. Third edition, TvitA 148 wood engravings^ post 8vo, cloth, 
7 J. 6flr. 

Contents : 

Chap. X. How Work is Measured by a Unit, both with and wi^out reference to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion— Chap. 3. The principles expounded in the first and 
second chapters are applied to the Motion of Bodies^— Chap. 4. The Transmission of Work by 
simple Maoiines— Chap. 5. Useful Propositions and Rules. 

Breweries and Mailings : their Arrangement, Con- 
struction, Machinery, and Plant By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E., 
M.I.M.E. PViiA 20 p/ates, 8vo, cloth, 12s. 6d. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwheels^ specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
II plates. Second edition^ revised and enlarged, small 4to, cloth, 12s. 6d, 

A Practical Treatise on Mill-gearings Wheels, Shafts, 

Riggers, etc.; for the use of Engineers. By Thomas Box. Third 
edition, with 11 plates. Crown 8vo, cloth, 7j. 6d. 

Mining Machinery: 3. Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andrib, F.G.S., Assoc. Inst C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coad Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. I2J. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting — ^Ventilation — Pumping — 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron, 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railways, Canals, 

Roads, etc., varying from a radius of five chains to three miles. By A, 
Kennedy and R. W. Hackwood. Illustrated 32mo, cloth, 2/. 6^. 



Digitized by VjOOQ IC 



PUBLISHED BY E. & F. N. SPON. ii 



Practical Electrical Notes and Definitions for the 

us€ of Engineering Students and Practical Men, By W. Perren 
Maycock, Assoc. M. Inst E.E., Instructor in Electrical Engineering at 
the Pitlake Institute, Croydon, together with the Rutes and Regulations 
to be observed in Electrical Installation Work. Second edition. Royal 
32mo, roan, gilt edges, 41. 6flf., or cloth, red edges, y. 

The Draughtsman! s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the textj and 33 plates (15 printed in colours). By G. G. Andr]^, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, gj. 

Contents : 

The Drawing Office and its Furnishings — Geometrical Problems— Lines, Dots, and their 
Combinations — Colours, Shading, Lettering, Bordering, and North Points — Scales — Plotting 
— Civil Engineers' and Surveyors* Plans — Map Drawing — Mechanical and Architectural 
Drawing — Copying and Reducing Trigonometrical Formulae, etc., etc. 

The Boiler-maker s andiron Ship-builders Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of * Mechanical Tables,* etc. Second edition revised, with illustra- 
tions^ crown 8vo, cloth, 5j. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andre, 
F.G.S., Assoc. Inst C.E. With 56 illustrations and 12 plates, 8vo, cloth, 
loj. 6d, 

Experimental Science: Elementary, Practical, and 

Experimental Physics. By Geo. M. Hopkins. Illustrated by 672 
engravings. In one large vol., 8vo, cloth, 15J. 

A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 31. 

Laxtons Builder i and Contractors^ Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5j. 

Laxtons Builders^ and Contractors^ Tables, Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 5^. 
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Egyptian Irrigation. By W. Willcocks, M.I.C.E., 

Indian Public Works Department, Inspector of Irrigation, Egypt. With 
Introduction by Lieut-CoL J. C. Koss, R.E., Inspector-General of 
Irrigation. With numerous lithographs and wood engravings^ royal 8vo, 
cloth, I/, idr. 

Screw Cutting Tables for Engineers and Machinists, 

giving the values of the different trains of Wheels required to produce 
crews of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc Cloth, oblong, 2j. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, doth, u., or sewed, 6^. 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; t(^e3ier with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst Mechanical Engineers. Crown 8vo, cloth, 6s'. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6^/. 

A Glossary of Terms used in Coal Mining. By 

William Stukelky Gresley, Assoc. Mem. Inst C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated with 
numerous woodcuts and diagrams^ crown 8vo, cloth, 5j. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 5^. 

Electrolysis: a Practical Treatise on Nickeling, 

Coppering, Gilding, Silvering, the Refining of Metals, and the treatment 
of Ores by means of Electricity. By Hippolyte Fontaine, translated 
from the French by J, A. Berly, C.E., Assoc. S.T.E. With engravings, 
8vo« cloth, 9^. 
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Barlow's Tables of Squares^ CubeSy Square Roots, 

Cube Roots, Reciprocals of all Integer Numbers up to io,ooa Post 8vo, 
doth, dr. 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and ^^ plates, in one Volume, half-bound morocco, 2/. 2sr, 
or cheaper edition, cloth, 25J. 

This work b not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Enp^ncs without enterii^ into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Hori2ontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 

S>rtable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
reat Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pbtons, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Ai>plying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

A Practical Treatise on the Science of Land and 

Engineering Surveying, Levelling, Estimating Quantities, etc,, with a 
general description of the several Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. Fourth edition, revised 
by G. W. UsiLL, Assoc. Mem. Inst. C.E. 41 plates, with illustrations 
and tables, royal 8vo, doth, 12s. 6d, 

Principal Contents : 

Part X. Introduction and the Principles of Geometry.^ Part a. Land Surveying; com- 
prising General Observations— The Cham— Offsets Surveying by the Chain only'— Surveying 
^illy Ground— To Survey an Estate or Parish by the Chain only^— Surveying with the 
Theodolite— Mining and Town Surveyings-Railroad Surveying— Mapmng^>Division and 
Laying out of Land — Observations on Enclosures — Plane Trigonometry. Tart 3. Levelling— 
Simple and Compound Levelling— The Level Book — Paruamentary Plan and Section- 
Levelling with a Theodolite — Gradients— Wooden Curves— To Lay out a Railway Curve — 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates— Cuttings and 
Embankments — ^Tunnels— Bridcwork— Ironwork— Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Hotting— The Improved Dumpy Level— Troughton's 
Level— The Prismatic Compass — Proportional Compass— Box Sextant — ^Vernier— Panto- 
graph — Merrett's Improved Quadrant— Improved Computation Scale— The Dia|;onal Scale— 
Straip^ht Edge and Sector. Part 6. Logarithms of Numbers— Logarithmic Sines and 
Co-Smes, Tangents and Co-Tangents— Natural Sines and Co-Sines— ^Tables for Earthwork, 
for Setting out Curves, and for variotu Calciilations, etc., etc., etc 

Mechanical Graphics. A Second Course of Me- 
chanical Drawing. With Preface by Prof: Perry, B.Sc, F.R.S. 
Arranged for use in Technical and Science and Art Institutes, Schools 
and Colleges, by George Halliday, Whitworth Scholar. 8vo, 
cloth, dr. 
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The Assayers Manual: an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by W. T. Brannt. With 65 
illusiraHons^ 8vo, doth, I2r. 6df. 

Dynamo - Electric Machinery : a • Text - Book . for 

Students of Electro-Technology. By Silvanus P. Thompson, B.A., 
D.Sc, M.S.T.E. [New edition in the press. 

The Practice of Hand Turning in Woody Ivory, Shelly 

etc»^ with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc. ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Third edition, ivith wood engravingSy crown Svo, cloth, 6j. 

Contents : 

On Lathes— Turnixig Tools— Turning Wood — Drilling^Screw Cuttings-Miscellaneous 
Apparatus and Processes— Turning Particular Forms — Staining— Polishing^-Spinning Metals 
—Materials — Ornamental Turning, etc. 

Treatise on Watchworky Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A With zz illustrations y crown 
Svo, cloth, dr. 6df. 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools— Time— Historical Sum- 
■lary — On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trams, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up— The Verge— The Horizontal— The Duplex^-The Lever— The Chronometer — Repeating 
Watches— Keyless Watches-'The Pendulum, or Spiral Spring— Compensation — Jewelling of 
Pivot Holes— Clerkenwell^Fallacies of the Trade— Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc Inst C.E., Author of 'A Handbook of the Differ* 
^tial Calctdiis,' etc. Second edition, crown Svo, cloth, 2s, 6d, 

Contents : 

Symbols and the Signs of Operation— The Equation and die Unknown Quantity^- 
Positive and Negative Quantities — Multiplication — Involution— Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — Logarithms — ^Tables of Logarithms 
and Proportionate Parts— Transformation of System of Logarithms — Common Uses o£ 
Common Logarithms — Compound Multiplication and the Binomial Theorem— Division, 
Fractions, and Ratio— Continued Proportion— The Series and the Summation of the Series- 
Limit of Series— Square and Cube Roots— Equations— List of Formulae, etc 

Spons* Dictionary of Engineeringy Civily Mechaniccdy 

Militaryy and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp,, and nearly 8000 engravings^ in super-royal 8vo^ 
in 8 divisions, 5/. is. Complete in 3 vols., doth, 5/. 5^. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. I2J, 
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Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. * By Henry Adams, Mem. Inst M.E., 
Mem. Inst. C.E., Mem. Soc. of Engineers. Crown 8vo, cloth, 2j. 6^. 

Canoe and Boat Building: a complete Manual for 

Amateurs, containing plain and comprehensive directions for the con- 
struction of Canoes, Rowing and Sailing Boats, and Hunting Craft. 
By W. P. Stephens. With numerous illustrations and 24 plates of 
Working Drawings. Crown 8vo, doth, 9^. 

Proceedings of the National Conference ofElectricianSy 

Philadelphia, October 8th to 13th, 1884. i8mo, cloth, 3J. 

Dynamo - Electricity ^ its Generation, Application, 

Transmission, Storage, and Measurement. By G. B. Prbsoott. With 
545 illustrations, 8yo, cloth, i/. u. 

Domestic Electricity for Amateurs. Translated from 

the French of E. Hospitalier, Editor of "L'Electriden," by C. J. 
Wharton, Assoc. Soc TeL Eng, Numerous illustrations. Demy 8vo, 
doth, dr. 

Contents: 

X. Production of the Electric Current— a. Electric Bells'— 3. Automatic Alarms— 4. Domestic 
Telephones— 5. Electric Clocks — 6. Electric Lighters—^. Domestic Electric Lightiag— 
• 8. Domestic Application of the Electric Light — 9. Electric Motors— xo. Electrical Locomo- 
tion— xi. Electrotyping, Plating, and Gilding— xa. Electric Recreations— 13. Various appli- 
cations—Workshop of the Electrician. 

Wrinkles in Electric Lighting. By Vincent Stephen. 

With illustrations, i8mo, cloth, 2J. dd. 

CONTBNTS: 

X. The Electric Current and its production by Chemical means--3. Production of Electric 
Currents by Mechanical means— 3. Dynamo-Electric Machines — 4. Electric Lamps— 
. Lead— 6. Ship Lighting. 

Foundations and Foundation Walls /or all classes of 

Buildings, Pile Driving, Building Stones and Bricks, Pier and Wall 
construction, Mortars, Limes, Cements, Concretes, Stuccos, &c 64 illtis* 
trations. By G. T. Powell and F. Bauman. 8vo, cloth, los, 6d, 

Manual for Gas Engineering Students. By D. Lee. 

i8mo, cloth, \s. 
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Telephones, their Construction and Management. 

By F. C. Allsof. Crown Svo, doth, 5j. 

Hydraulic Machinery, Past and Present A Lecture 

delivered to the London and Suburban Railway Officials' Association. 
By H. Adams, Mem. Inst C.E. Folding plate. Svo, sewed, u. 

Twenty Years with the Indicator. By Thomas Pray, 

Jun., C.E., M.E., Member of the American Society of Civil Engineers. 
2 vols., royal 8vo, cloth, I2J. (id. 

Annual Statistical Report of the Secretary to the 

Members of the Iron and Steel Association on the Home and Foreign Iron 
and Steel Industries in 1889. Issued June 1890. 8yo, sewed, 51. 

Bad Drains^ and How to Test them ; with Notes on 

the Ventilation of Sewers, Drains, and Sanitary Fittings; and the Origin 
and Transmission of Zymotic Disease. By R. Harris Reeves. Crown 
8vo, cloth, y. 6d. 

Well Sinking. The modem practice of Sinking 

and Boring Wells, with geological considerations and examples of Wells. 
By Ernest Spon, Assoc Mem. Inst C.E., Mem. Soc. Eng., and of the 
Franklin Inst, etc Second edition, revised and enlarged. Crown 8vo, 
doth, lOf. 6d, 

The Voltaic Accumulator : an Elementary Treatise. 

By l^MiLE Reymier. Translated by J. A. Berly, Assoc. Inst £.£• 
With 62 illustrations, 8vo, cloth, gs. 

Ten Years' Experience in Works of Intermittent 

Downward Filtration. By J. Bailey Denton, Mem. Inst C.£. 
Second edition, with additions. Royal 8vo, cloth, 5/. 

Land Surveying on the Meridian and Perpendicular 

System. By William Penman, C.E. 8vo, cloth, 8j, (d. 

The Electromagnet and Electromagnetic Mechanism. 

By SiLVANUS p. Thompson, D.Sc, F.R.S. Second edition, 8vo, 
cloth, 15J. 
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Incandescent Wiring HandrBook. By F. B. Bajdt, 

late 1st Lieut. Royal Prussian Artillery. With 41 illiutraHons and 
5 tables, i8mo, cloth, 4r. 6d, 

A Pocket-book for Pharmacists^ Medical Prac- 

HtionerSf Students^ etc., etc, {British^ Colonial^ and American), By 
Thomas Bayley, Assoc. R. Coll. of Science, Consulting Chemist, 
Analyst, and Assayer, Author of a * Pocket-book for Chemists,' *The 
Assay and Analysis of Iron and Steel, Iron Ores, and Fuel,* etc., etc. 
Royal 32mo, bosurds, gilt edges, dr. 

The Fireman s Guide ; a Handbook on the Care of 

Boilers. By Teknolog, foreningen T. I. Stockholm. Translated from 
the third edition, and revised by Karl P, Dahlstrom, M.£. Second 
edition. Fcap. 8vo, cloth, 2J, 

The Mechanician : A Treatise on the Construction 

and Manipulation of Tools, for the use and instruction of Young Engineers 
and Scientific Amateurs, comprising the Arts of Blacksmithing and Forg- 
ing ; the Construction and Manufacture of Hand Tools, and the various 
Methods of Using and Grinding them ; description of Hand and Machine 
Processes ; Turning and Screw Cutting. By Cameron Knight, 
Engineer. Containing 1 147 illustrations^ and 397 pages of letter-press. 
Fourth edition, 4to, cloth, i8j. 

A Treatise on Modem Steam Engines and Boilers^ 

including Land Locomotive, and Marine Engines and Boilers, for the 
use of Students. By Frederick Colysr, M. Inst. C.E., Mem. Inst M.E. 
With 2fi plates* 4to, cloth, 12s, 6d. 

CONTBNTS : 

X. Introduction — 3. Original Engines—^. Boilers^-4. Hi^h-Pressure Beam Engines^s. 
Cornish Beam Engines — 6. Horizontal Engines — 7. Osdllatmg Engines — 8. Vertical High- 
Pressure Engines— 9. Special Engines^-zo. Portable Engines— xz. Locomotive Engines— 
xa. Marine Engines. 

Steam Engine Management; a Treatise on the 

Working and Management of Steam Boilers. By F. Colyer, M. Inst 
C.E., Mem. Inst M.E. New edition, iSmo, doth, y, 6d, 

Aid Book to Engineering Enterprise, By Ewing 

Matheson, M. Inst C.E. The Inception of Public Works, Parlia- 
mentaiy Procedure for Railways, Concessions for Foreign Works, and 
means of Providing Money, the Points which determine Success or 
Failure, Contract and Purchase, Commerce in Coal, Iron, and Steel, &c. 
Second edition, revised and enlarged, 8vo, cloth, 21s, 
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Pumps, Historically, Theoretically, and Practically 

Considered, By P. R. ^ORLING. With 156 illustrations. Crown 8yo, 
cloth, 7j. td. 

The Marine Transport of Petroleum. A Book for 

the use of Shipowners, Shipbuilders, Underwriters, Merchants, Captains 
and Officers of Petroleum-carrying Vessels. By G. H. Little, Editor 
of the * Liverpool Journal of Commerce.* Crown 8vo, cloth, lor. 6^. 

Liquid Fuel for Mechanical and Industrial Purposes, 

Compiled by E. A. Brayley Hodgetts. With wood engravings, 
Svo, cloth, 7j. 6flr. 

Tropical Agriculture : A Treatise on the Culture, 

Preparation, Commerce and Consumption of the principal Products of 
the Vegetable Kingdom. By P. L. Simmonds, F.L.S., F.R.C.I. New 
edition, revised and enlarged, Svo, doth, 21s, 

Health and Comfort in House Building ; or, Ventila- 
tion with Warm Air by Self-acting Suction Power. With Review of the 
Mode of Calculating the Draught in Hot-air Flues, and with some Actual 
Experiments by J. Drysdale, M.D., and J. W. Hayward, M.D. 
With plates and woodcuts. Third edition, with some New Sections, and 
the whole carefully Revised, Svo, cloth, *js. 6d, 

Losses in Gold Amalgamation. With Notes on the 

Concentration of Gold and Silver Ores. With six plates. By W. 
McDermott and P. W. Duffield, Svo, cloth, 5j. 

A Guide for the Electric Testing of Telegraph Cables. 

By Col. V, HosKiCER, Royal Danish Engineers. Third edition, crown 
Svo, cloth, 4f . 6^. 

The Hydraulic Gold Miners' Manual. By T. S. G. 

KiRKPATRiCK, M.A. Oxon. With 6 plates. Crown Svo, cloth, 6j. 

" We venture to think that this work will become a text-book on the important subject of 
which it treats. Until comparatively recently hydraulic mines were neglected. This was 
scarcely to be surprised at, seeing that their working in California was brought to an abrupt 
termination by the action of the farmers on the dibris question, whilst their working in other 
jiarts of the world had not been attended with the anticipated success." — The Mining World 
and Enzinterine Record. 

A Text-Book of Tanning, embracing the Preparation 

of all kinds of Leather. By Harry R. Proctor, F.C.S., of Low Lights 
Tanneries. With illustrations. Crown Svo, clodi, lor. 6^. 
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The Arithmetic of Electricity. 

Sloane. Crown 8vo, cloth, ^r. 6</. 



By T. O'CoNOR 



The Turkish Bath : Its Design and Construction for 

Public and Commercial Purposes. By R. O. Allsop, Architect. WtiA 
plans and sections, 8vo, cloth, ^s. 

Earthwork Slips and Subsidences upon Public Works : 

Their Causes, Prevention and Reparation. Especially written to assist 
those engaged in the Construction or Maintenance of Railways, Docks, 
Canals, Waterworks, River Banks, Reclamation Embankments, Drainage 
Works, &C., &c. By John Newman, Assoc. Mem. Inst C.E., Author 
of * Notes on Concrete,' &c. Crown 8vo, cloth, 'js. 6d, 

Gas and Petroleum Engines : A Practical Treatise 

on the Internal Combustion Engine. By Wm. Robinson, M.E., Senior 
Demonstrator and Lecturer on Applied Mechanics, Physics, &c.. City 
and Guilds of London College, Finsbury, Assoc. Mem. Inst. C.E., &c. 
Numerous illustrations, 8vo, cloth, 141. 

Waterways and Water Transport in Different Coun- 
tries, With a description of the Panama, Suez, Manchester, Nicaraguan, 
and other Canals. By J. Stephen Jeans, Author of 'England's 
Supremacy,' * Railway^ Problems,' &c. Numerous illustrations, 8vo, 
cloth, 14J. 

A Treatise on the Richards Steam-Engine Indicator 

and the Development and Application of Force in the Steam-Engine, 
By Charles T. Porter. Fourth Edition, revised and enlarged, 8vo, 
cloth, 9x. 

Contents. 



The Nature and Use of the Indicator : 
The several lines on the Diagram. 
Examination of Diagram No. i. 
Of Truth in the Dia^am. 
Description of the Richards Indicator. 
Practical Directions for Applying and Taking 

Care of the Indicator. 
Introductory Remarks. 
Units. ^ 
Expansion. 
Directions for ascertsdnine from the Diagpram 

the Power exerted by me Engine. 
To Measure from the Diagram the Quantity 

of Steam Consumed. 
To Measure from the Diagram the Quantity 

of Heat Expended. 
Of the Real Dia^^am^and how to Construct it. 
Of the Conversion of Heat into Work in the 

Steam-engine. 
Observations on] the several Lines of the 

Diagram. 



Of the Loss attending the Employment of 
Slow-piston Speed, and the Extent to 
which this is Shown by the Indicator. 

Of other Applications of the Indicator. 

Of the use of the Tables of the Properties of 
Steam in Calculating the Duty of Boilers. 

Introductory. 

Of the Pressure on the Crank when the Con- 
necting-rod is conceived to be of Infinite 
Length. 

The Modification of the Acceleration and 
Retardation that is occasioned by the 
Angular Vibration of the Connecting-rod. 

Method of representing the actual pressure 
on the crank at every point of its revolu- 
tion. 

The Rotative Effect of the Pressure exerted 
on the Crank. 

The Transmittine Parts of an Engine, con- 
sidered as an Equaliser of Motion. 

A Ride oa a Buffer-beam (Appendix). 
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In demy 4to, liandsomely bound in cloth, illustrated with 220 full page plates^ 

Price 1 5 J. 



ARCHITECTURAL EXAMPLES 

IN BRICK, 8T0NE, WOOD, AND IRON. 

A COMPLETE WORE ON THE DETAILS AND ABBANGEMENT 
OF BUILDING CONSTBUGTION AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing aao Plates, with numerous Drawings selected from the Architecture 
of Former and Present Times. 

The Details and Designs are Drawn to Scale, J", J", J", and Full site 
being chiefly used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — ^Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloxired Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following heads : — ^Workmen's Cottages and Dwellings, Cottagfe Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various parts. 
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Crown 8vo, cloth, with illustrations, Sj. 

WORKSHOP RECEIPTS. 

FIRST SERIES. 
By ERNEST SPON. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

Electro - Metallurgy — 
(Cleaning, Dipping, 
Scratch-brushing, Bat- 
teries, Baths, and 
Deposits of every 
description). 

EogrsLYing on Wood, 
Copper, Gold, Silver, 
Steel, and Stone. 

Etching and Aqua Tint. 

Firework Making — 
(Rockets, Stars, Rains, 
Gerbes, Jets, Tour- 
billons, Candles, Fires, 
Lances,Lights, Wheels, 
Fire-balloons, and 
minor Fireworks). 

Fluxes. 

Foundry Mixtures. 



Synopsis of Contents. 

Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 



Paper. 

Paper Hanging. 

Pamting in Oik, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

PoUshes. 

Pottery — (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o'-Pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use of. 

Veneering. 

Washing. 

Waterproofing. 

Welding. 



Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Moiddings, Compos, Cameos, and others too numerous to 
mention. 
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Crown 8vo, cloth, 485 pages, with illustrations, 51. 

WORKSHOP RECEIPTS, 

SECOND SERIES, 
By ROBERT HALDANE. 



Synopsis of Contents, 



and 



Disinfectants. 
Dyeing, Staining, 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut 

Hydrogen peroxide. 
Ink. 
Iodine. 



Iodoform. 

Isinglass. 

Ivory substitutes. 

Leather. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 



Addimetry and Alkali- 
metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 

Boiler Incrustations. . 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 

Pigments, Paint, and Painting: : embracing the preparation of 
Pigments, including alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, cseruleum, Egyptian, 
manganate, Paris, Peligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele*s, Schwemfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminaited lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, IncUan red, madder lake, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white}, 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paint 
(vehicles, testing oils, c&iers, grinding, storing, applying, priming, drying, 
filling, coats, brashes, surface, water-colours, removing smeU, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; PtUnting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — ^priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, vamisSing, importance of washing vehicles, re- varnishing, 
how to dry paint 5 woodwork painting). 
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Crown 8vo, doth, 480 pages, with 183 illustrations, Ss, 



WORKSHOP RECEIPTS. 



THIRD SERIES. 



By C. G. WARNFORD LOCK. 



tTniform with the First and Second Series. 



Synopsis of Contents. 



Alloys. 


Indium. 


Rubidium. 


Aluminium. 


Iridium. 


Ruthenium. 


Antimony. 


Iron and SteeL 


Selenium. 


Barium. 


Lacquers and Lacquering. 


Silver. 


Beryllium. 


Lanthanum. 


Slag. 


Bismuth. 


Lead. 


Sodium. 


Cadmium. 


Lithium. 


Strontium. 


Caesium. 


Lubricants. 


Tantalum. 


Calcium. 


Magnesium. 


Terbium. 


Cerium. 


Manganese. 


Thallium. 




Mercury. 


Thorium. 


Cobalt 


Mica. 


Tin. 


Copper. 


Molybdenum. 


Titanium. 


Didymium. 


Nickel. 


Tungsten. 


Electrics. 


Niobium. 


Uranium. 


Enamels and Glazes. . 


Osmium. 


Vanadium. 


Erbium. 


Palladium. 


Yttrium. 


Gallium. 


Platinum. 


Zinc. 


Glass. 


Potassium. 


Zirconium. 


Gold. 


Rhodium. 
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WORKSHOP RECEIPTS, 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 

By C. G. WARNFORD LOCK. 

250 ninstrationB, with Complete Index, and a General Index to the 
Tour Series, 58. 



Waterproofing — rubber goods, cuprammoninm processes, miscellaneous 

preparations. 
Packing and Storing articles of delicate odour or colour, of a deliquescent 

chaiacter, liable to ignition, apt to suffer from insects or damp, or easily 

broken. 
Bmbalming and Preserving anatomical specimens. 
Leather Polishes. 
Cooling Air and Water, producing low temperatures, making ice, cooling 

syrups and solutions, and separating salts from liquors by refrigeration. 

Pumps and Siphons, embracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Desiccating — air- and water-ovens, and other appliances for drying natural 

and artificial products. 
Distilling — water, tinctures, extracts, pharmaceutical preparations, essences, 

perfumes, and alcoholic liquids. 

Emulsifying as required by pharmacists and photographers. 

Evaporating — ^saline and other solutions, and liquids demanding special 
precautions. 

Filtering — water, and solutions of various kinds. 

Percolating and Macerating. 

Electrotyping. 

Stereotyping by both plaster and paper processes. 

Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, etc. 

Musical Instruments — the preservation, timing, and repair of pianos, 
harmoniums, musical boxes, etc. 

Clock and Watch Mending— adapted for intelligent amateurs. 

Photography — recent development in rapid processes, handy apparatus, 
numerous recipes for sensitizing and developing solutions, and applica- 
tions to modem illustrative purposes. 
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Crown 8vo, doth, with 373 illustrations, price 5^. 

WORKSHOP RECEIPTS, 

FIFTH SERIES. 

By C. G. WARNFORD lock, F.L.S. 

Containing many new Articles, as well as additions to Articles included it 
the previous Series, as follows, viz. ; — 



Anemometers. 

Barometers, How to make. 

Boat Building. 

Camera Lucida, How to use. 

Cements and Lutes. 

Cooling. 

Copying. 

Corrosion and Protection of Metal 
Surfaces. 

Dendrometer, How to use. 

Desiccating. 

Diamond Cutting and Polishing. Elec- 
trics. New Chemical Batteries, Bells, 
Commutators, Galvanometers, Cost 
of Electric Lighting, Microphones, 
Simple Motors, Phonogram and 
Graphophone, Registering Appa- 
ratus, Regulators, Electric Welding 
and Apparatus, Transformers. 

Evaporating. 

Explosives. 

Filtering. 

Fireproofing, Buildings, Textile Fa- 
brics. 

Fire-extinguishing Compounds and 
Apparatus. 

Glass Manipulating. Drilling, Cut- 
ting, Breaking, Etching, Frosting, 
Powdering, &c. 



Glass Manipulations for Laboratory 

Apparatus. 
Labels. Lacquers. 
Illuminating Agents. 
Inks. Writing, Copying, Invisible, 

Marking, Stamping. 
Magic Lanterns, their management 

and preparation of slides. 
Metal Work. Casting Ornamental 

Metal Work, Copper Welding, 

Enamels for Iron and other Metals, 

Gold Beating, Smiths* Work. 
Modelling and Plaster Casting. 
Netting. 

Packing and Storing. Acids, &c. 
Percolation. 
Preserving Books. 
Preserving Food, Plants, &c. 
Pumps and Syphons for various 

liquids. 
Repairing Books. 
Rope Tackle. 
Stereotyping. 
Taps, Various. 
Tobacco Pipe Manufacture. 
Tying and Splicing Ropes. 
Velocipedes, Repairing. 
Walking Sticks. 
Waterproofing. 
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NOVV^ COMPLETE. 

JVUA nearly 1500 illustroHons^ in super-royal 8vo, in 5 Divisions, cloth. 
Divisions i to 4, \y, 6d, each ; Division 5, 17^. 6^. ; or 2 vols., cloth, £^ lor. 

SPONS' ENCYCLOPEDIA 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following :— 



5PP- 
5 figs. 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, S9 pp. 78 figs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Bladks. 

Bleaching Powder, 15 
Bleaching, 51 pp. 48 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
£lectro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 ppv. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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MECHANICAL MANIPULATION. 



THE MECHANICIAN: 

A TREATISE ON THE GONSTRUOTION AND MANIPULATION OF TOOLS, 

FOR THE USE AND INSTRUCTION OF YOUNG ENGINEERS 

AND SCIENTIFIC AMATEURS; 

Comprising the Arts of Blacksmithing and Forging the Construction 
and Manufacture of Hand Tools, and the various Methods of Using 

and Grinding them ; the Construction of Machine Tools, and 
^ • K6w to work them ; Turning and Screw-cutting ; the 
various details of setting out work, &c., &c. 

By CAMERON KNIGHT, Engineer. 

96 4to plates, containing: 1147 illustrations, and 897 pag^es of 
letterpress, second edition, reprinted from the first, 4to, cloth, 18s. 



Of the six chapters constituting the work, the first is devoted to forging ; in 
whkh jthe fundamental principles to be observed in making forged articles of 
every class are stated, giving the proper relative positions for the constituent 
fibres of each article, the mode of selecting proper quantities of material, steam- 
hammer operations, shaping-moulds, and the manipulations resorted to for 
shaping the component masses to the intended forms. 

Engineers' tools and their construction are next treated, because they must 
be used during all operations described in the remaining chapters, the author 
thinking that 3ie student should first acquire knowledge of the apparatus which 
he is supposed to be using in the course of the processes given in Chapters 4, 
5, and 6. In the fourth chapter planing and lining are treated, because these 
are the elements of machine-making in general. The processes described in 
this chapter are those on which all accuracy of fitting and finishing depend. 
The next chapter, which treats of shaping and slotting, the author endeavours 
to render comprehensive by giving the hand-shaping processes in addition to 
the machine-shaping. 

In many cases hknd-shaping is indispensable, such as sudden breakage, 
operations abroad, and on board ship, also for constructors having a limited 
number of machines. Turning and screw-cutting occupy the last chapter. In 
this, the operations for lining, centering, turning, and screw-forming are 
detailed and their principles elucidated. 

The Mechanician is the result of the author's experience in engine making 
during twenty years ; and he has concluded that, however retentive the memory 
of a machinist might be, it would be convenient for him to have a book of 
primary principles and processes to which he could refer with confidence. 
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JUST PTJBIuISKKD. 



In demy 8vo, cloth, 600 pages, and 1420 Illustrations, 6^. 

SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 



Contents. 

Mechanical Drawing— Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses, Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture, 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — ^Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging — Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains— Water 
Supply and Sanitation— Hints on House Construction suited to new 
countries. 

E. & F. N. SPON, 126, Strand, London. 
New York : 12, Cortlandt Street. 
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8P0N8' DICTIONARY OF ENGINEERING, 

CIVIL, MECHAHICAL, MILITART, & NAVAL, 

WITH 

Technical Terms in French, German, Italian, and Spanish. 



In 97 numbers, Super-royal 8vo, containing 3132 printed pages and 7414 
engravings. Any number can be had separate : Nos. i to 95 ix. each, 
post free ; Nos. 96, 97, 2j., post free. See also page 112. 



Complete List of 


ALL THE Subjects : 






Nos, 




Nos. 


Abacus 


I 


Barrage 


8 and 9 


Adhesion 


.. I 


Battery 


. 9 and 10 


Agricultural Engines 


I and 2 


Bell and Bell-hanging . 


.. 10 


Air-Chamber 


.. 2 


Belts and Belting.. 


. 10 and II 


Air- Pump 


.. 2 


Bismuth 


.. II 


Algebraic Signs . . 


2 


Blast Furnace 


. II and 12 


AUoy 


2 


Blowing Machine 


.. 12 


Aluminium 


2 


Body Plan 


. 12 and 13 


Amalgamating Machine . . 


2 


Boilers 


• 13. 14* 15 


Ambulance 


.. 2 


Bond 


. 15 and 16 


Anchors 


2 


Bone Mill 


.. 16 


Anemometer 


2 and 3 


Boot-making Machinery . 


.. 16 


Angular Motion . . 


3 and 4 


Boring and Blasting 


16 to 19 


Angle-iron 


.• 3 


Brake 


. 19 and 20 


Angle of Friction . . 


• 3 


Bread Machine . . 


.. 20 


Animal Charcoal Machine 


.. 4 


Brewing Apparatus 


. 20 and 21 


Antimony, 4; Anvil 


.. 4 


Brick-making Machines . 


.. 21 


Aqueduct, 4 ; Arch 


.. 4 


Bridges 


. 21 to 28 


Archimedean Screw 


.. 4 


Buffer 


.. 28 


Arming Press 


4 and 5 


Cables 


. 28 and 29 


Armour, $ ; Arsenic 


'• 5 


. Cam, 29 ; Canal . . 


.. 29 


Artesian Well 


.. 5 


Candles 


. 29 and 30 


Artillery, $ and 6 ; Assaying .. 6 


Cement, 30 ; Chimney . 


.. 30 


Atomic Weights .. 


6 and 7 


Coal Cutting and Washing Ma- 


Auger, 7; Axles .. 
Balance, 7 ; Ballast 


.. 7 


chinery 


.. 31 


.• 7 


Coast Defence 


3if 32 


Bank Note Machinery . . 


.. 7 


Compasses 


.. 32 


Bam Machinery .. 


7 and 8 


Construction 


. 32 and 33 


Barker's Mill 


.. 8 


Cooler, 34 ; Copper 


•• 34 


Barometer, 8; Barracks .. 


.. 8 


Cork-cutting Machine 


.. 34 
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Nos. 


Corrosion .. 


34 and 35 


Cotton Machinery 


.. 35 


Damming .. 


35 to 37 


Details of Engines 


37, 38 


Displacement 


.. 38 


Distilling Apparatus 
Diving and Diving Bells 


38 and 39 


.. 39 


Docks 


39 and 40 


Drainage 


40 and 41 


Drawbridge 
Dredging Machine 


.. 41 


.. 41 


Dynamometer 


41 to 43 


Electro-Metallurgy 


43,44 


Engines, Varieties 


44,45 


Engines, Agricultural 


I and 2 


Engines, Marine .. 


74, 75 


Engines, Screw .. 


89,90 


Engines, Stationary 


91,92 


Escapement 


45, 46 


Fan 


.. 46 


File-cutting Machine 


. .. 46 


File-arms 


46, 47 
47,48 


Flax Machinery .. 


Float Water-wheels 


.. 48 


Forging 


. .. 48 


Founding and Casting . 


48 to so 


Friction, 50 ; Friction, Angle of 3 


Fuel, 50; Furnace 


50, 51 


Fuze, 51 ; Gas .. 


.. 51 


Gearing 


51, 52 


Gearing Belt 


10, II 


Geodesy 


. 52 and S3 


Glass Machinery .. 


•• 53 


Gold, 53, 54; Governor. 


.. 54 


Gravity, 54 ; Grindstone 


-. 54 


Gun-carriage, 54 ; Gun Metal . . 54 


Gunnery 


. S4to56 


Gunpowder 


. .. 56 


Gun Machinery . . 


56, 57 


Hand Tools 


. 57, 58 


Hanger, 58; Harbour . 


. .. S8 


Haukge, 58, 59 ; Hinging . . 59 


Hydraulics and Hydraulic Ma- 


chinery 


. 59 to 63 


Ice-makmg Machine 


.. 63 


India-rubber 


. .. 63 


Indicator 


. 63 and 64 


Injector 


. .. 64 


Iron 


64 to 67 


Iron Ship Building 


. .. 67 


Irrigation 


. 67 and 68 



Nos. 
Isomorphism I 68 ; Joints .. 68 

Keels and Coal Shipping 68 and 69 
Kiln, 69 ; Knitting Machine .. 69 
Kyanising .. .. .. ..69 

Lamp, Safety .. .. 69, 70 

Lead .. ..70 

Lifts, Hoists .. .. 70, 71 

Lights, Buoys, Beacons ..71 and 72 
Limes, Mortars, and Cements .. 72 
Locks and Lock Gates . . 72, 73 
Locomotive .. ..73 

Machine Tools 73> 74 

Manganese .. ..74 

Marine Engine . . • . 74 and 7S 

Materials of Construction 75 and 76 
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